SECTION 6
PROGRAM COST ANALYSIS

This section provides an analysis of costs involved in implementing each of the four
test regimes in the configurations described in Section 4. A detailed cost analysis
model was developed that provides a framework for evaluating the program costs asso-
ciated with each of the four test regimes, This life-cyecle cost model categorizes
cost elements into major submodels of research and development, acquisition and in-
vestment, and operations and maintenance. Results of exercising the model for each
of the test regimes are then presented. Total program costs are enumerated for each
test regime beginning with paragraph 6.3. Cost figures are subsequently analyzed

on a submodel and parametric basis to reveal major areas of differences. Following
cost value assignments, paragraph 6.5 provides an analysis of vehicle owner's cost
incurred as a result of corrective maintenance. Concluding this section are the
mathematical relationships used in developing the cost analysis model.

6.1 ECONOMICS OF EMISSION REDUCTION

The economic evaluation of any regulatory and mandatory program that is implemented
and maintained for the public benefit involves far more than the application of
statistical methods to the study of cost-related data. As mentioned previously in
other sections of this report, vehicle emissions are a major contributor to air pol-
lution, especially in terms of nitrogen oxidants and carbon monoxide. Each of these
pollutants has its own characteristics and each community affected faces different
meteorological, topographical, and economic conditions. As such, the effects and
benefits derivable from an inspection program would not be equally applicable to the
total populace. To justify the institution of a statewide testing concept, the
benefits derived must be balanced against the costs incurred to achieve these ad-
vantages. The task, then, is to identify and quantify these costs.

6.2 COST ANALYSIS MODEL

Each of the four candidate test regimes under evaluation involves an extremely large
number of fixed and variable cost items. Personnel wages, building costs, mainte-
nance, and equipment and installation costs must all be systematically evaluated for
each regime if the total cost of each of these four testing concepts is to be accu-
rately assessed. To facilitate cost comparisons, both fixed and parametric, among
the four candidate regimes, a linear life-cycle program cost model has been devel-
oped. This cost model identifies and quantifies the various program cost categories
involved for each of the four regimes in their various configurations, and provides
a convenient means for parametric and sensitivity analyses.

This cost model was designed to provide expected aggregate cost magnitudes for the

various program areas throughout the desired program lifetime for each regime con-
sidered. Since the four regimes may vary widely both in cost and expected methods
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of implementation and administration, this cost model does not provide a cost ac-
counting treatment of required program expenditures; it is simply a tool that allows
cost items to be readily identified and analyzed.

The following sections describe the cost model, which was exercised for each of the
four test regimes. This description is intended to present only the costing cate-
gories and concepts upon which the model is conceived. WNo numerical analyses are
presented in this sectiom.

6.2.1 General Description

The framework around which this cost analysis model has been designed is the concept
of life-cycle cost. Life-cycle costing is a technique that assures that required
resources are systematically considered, assists in the analytical process, facili=-
tates data acquisition and mathematical computation, and indicates areas of critical
resource requirements. The life-cycle cost (LCC) model used in subsequent analyses
is composed of three major submodels corresponding to three major program phases:
research and development, acquisition and investment, and operation and maintenance.

The research and development category includes all costs necessary to conceive, de-
sign, develop, and document a total program capable of satisfying the identified
goals and objectives. For each of the test regimes evaluated, this cost category
identifies and quantifies the expenditures necessary to finalize the concept to the
point of implementation. Specific equipment, personnel, facilities, support manage-
ment procedures, and all the other considerations are costed to assure complete
coverage of resources. Deficiencies in equipment must be noted, and further research
and development in technology must be funded either by industry, by the State, or

by both. Such costs are part of this category.

The acquisition and investment category includes all the resources and costs incurred
in the process of initial program implementation. The resource elements, facilities,
and instrumentation and functional elements include indoctrinmation, initial training,
and certification. This category includes those expenditures of a non-R&D and non-

recurring nature associated with the initial acquisition and start-up of the program.

The operation and maintenance category includes all those expenditures necessary to
operate and maintain the inspection facility. Cost elements are expenses such as
personnel wages and salaries, facilities upkeep, and sustaining or replacement
training. This category includes all recurring expenditures for the total program.

Using the above three cost categories, the total program LCC for each test regime is
calculated by manipulating the generalized, first-level-cost model delineated in
equation (5).

Y
Lcc = 2, (CRDn + Cinvy, t KenCOPn) (3)
n=1
where:
LCC = total program cost for expected duration
Cpp = program research and development expenditures, in dollars
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Cinv = facility acquisition and investment expenditures, in dollars
Cop = operation and maintenance expenditures, in dollars

n = index of years in life-cycle duration
Ke, = escalation factor applied for year n

Y = expected number of years in life cycle.

In the following paragraphs each of the major categories will be further defined by
identifying the contributing cost elements as applicable to the test regimes and
total program.

6.2.2 Program Research and Development Costs (Crp)

For each test regime, various research and development costs may be required before
initial implementation. If present instrumentation cannot satisfy facility require-
ments, the cost to modify, upgrade, or develop the necessary equipments may be borne,
in part, by the program. Additions or modifications to current methodology or tech-
nology must also be considered under this category, wherever essential advancements
are necessary, before any selected implementation is instituted. After program im-
plementation, any required R&D effort becomes part of program management costs .as
listed and described under annual operation and maintenance costs. A discussion of
R&D costs applicable to all regimes is presented in Volume II, Section 10, of this
report.

6.2.3 Facility Acquisition and Investment Costs (CINV)

As previously mentioned, this cost category will include those resources and func-
tional costs that are related to initial acquisition and implementation. They are
nonrecurring expenditures necessary to initiate the program and are differentiated
from the research and development costs which were necessary prior to initial imple~
mentation. Described below are the general areas of interest.

6.2.3.1 Site Acquisition - Based on the physical locations selected for the in-
spection facilities, the land area required for station placement must be acquired,
either purchased or leased, if not already owned. This will be a cost element re-
gardless of who runs the program, State or private industry.

6.2.,3.2 Facility Plans and Bids - All necessary site plans and construction draw-
ings must be completed so that interested and qualified contractors may submit bids
for consideration. The bids submitted must be evaluated, qualifications of con-
tractors certified, and contracts drawn for the selected parties. Modifications to
existing facilities would be handled somewhat differently; however, the cost elements
would remain basically the same,

6.2,3.3 Facility Construction and Acceptance - New facilities must be constructed
to comply with the facilities plans and drawings. In the case of older, established
facilities, necessary modifications must be accomplished to accommodate any new
equipments and space allocation requirements. Completed facilities are then in-
spected and certified for acceptance.

6.2.3,4 Equipment Acquisition and Imstallation - Equipments selected and recom-
mended for the particular test regime must be purchased and installed. Acceptance
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tests must be conducted before the facility may be certified as an approved inspec-
tion facility. The test documentation would probably be supplied by the program
management office. Additionally, it may be advisable for a team of qualified and
trained technical inspectors to be available for guidance.

6.2.3.5 Personnel Indoctrination and Training - Depending on the test regime
chosen for implementation, selected personnel may be required to receive the neces-
sary program indoctrination and training to perform satisfactory vehicle inspection.
Many of the test equipments and procedures may be unfamiliar to the affected tech-
nicians. Additionally, administrative, facility, and management personnel may be
called upon to explain vehicle test program objectives and results. The training
program may be developed and administered by the program office or by the facility
owner using material provided by the program office. Identifiable cost elements
would be the development of the training program, any equipments and documents essen-
tial to the training course, the required training of instructors if none are avail-
able, pay and travel allowances for instructors and students while receiving training,
and apportioned costs for training facilities.

6.2.3.6 Station Qualification and Certification - After the facility is completely
equipped and staffed, and prior to receiving the first vehicle to be inspected,

the total facility must be qualified and certified. It was previously stated that
equipments are accepted and certified after installation. These tests conducted now
would be for the total system of equipments, personnel, procedures, and documentation
to assure uniformity on a Statewide basis. Cost elements would be any special test
procedures and certification duties and the facility personnel apportioned pay.

Until the facility is certified, it is not operational.

The mathematical relationships which were used to quantify investment costs are pre-
sented in paragraph 6.6.

6.2.4 Operation and Maintenance Costs (Cop)

The functions and cost elements of an inspection facility are described below in
terms of anticipated operating and maintenance activities. Personnel salaries,
wages, and benefits would be the largest cost element required for an inspection
facility annual expenditure. Sustaining personnel training and upgrading program
may be instituted to assure continuing satisfactory operation. The maintenance of
primary inspection equipment is of paramount importance, with secondary emphasis on
supporting equipments, tools, and supplies. Administrative equipments and supplies
also incur annual upkeep expenses. Additionally, the facility itself requires
grounds and building maintenance. The functions performed by the program manage-
ment office were previously identified in Section 2 of this report. 1In summary,
these functions included vehicle scheduling, records administration, emission limits
establishment and review, equipments requirement evaluation, and station qualifica-
tion and certification. Other administrative functions common to any program man-
agement office are equally applicable.

6.2.4.1 Personnel Salaries, Wages, and Benefits - Based on the personnel require-
ments analysis conducted for each of the applicable test regime configurations, a
complement of technical and administrative personnel is identified. The cost to
staff the individual facilities would consist of all salaries, wages, and benefits
required.
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6.2.4.2 Personnel Training and Upgrading =~ New personnel added to the program
subsequent to the initial start date may require indoctrination and training, de -
pending on the test regime incorporated. In addition, current members of the in-
spection and administrative personnel staff would require periodic upgrading. The
program management office may utilize the initial training facilities and materials
to provide sustaining training, depending on the scope of the task. Anticipating
that this function would not be of major proportions, perhaps the individual facil-
ity may incorporate program-directed training policies and procedures. The method
of determining this training operation would be similar to that of determining the
initial training phase.

6.2.4.3 Inspection-Oriented Equipments, Tools, and Supplies - The inspection-
oriented equipments will require periodic preventive maintenance and some corrective
maintenance activities. In most cases, various tools and supplies would be neces-
sary to accomplish the tasks. Repair documents and replacement parts would be re-
quired in some instances to restore satisfactory operation of equipment. The
expendable and consumable parts and supplies are part of operation and maintenance
costs, whereas tools and documentation are part of initial investment.

6.2.4.4 Support-Oriented Equipments, Tools, and Supplies - These cost items are
required to support the maintenance, calibration, and testing of the primary equip-
ments and are not for items directly utilized during the emission analysis of vehi-
cles, Included would be calibration gases, test equipments maintenance, and general-
purpose tool replacements required for supporting activities,

6.2.4.5 Administrative Support Equipments and Supplies - There may be administra-
tive support equipments included in the inspection facility to prepare inspection
forms, record inspection data, and, where required, to record receipt of inspection
fees, Incidental office supplies may also be required to complete the facility ad-
ministrative office.

6.2.3.6 Inspection Facility Upkeep - 1Included in the cost of ownership would be
the operations and maintenance expenditures for the facility itself. Grounds and
building maintenance, all utilities required for operation and upkeep, and other
incidental expenses such as property taxes and income taxes must be considered under
this category.

6.2.3.7 Program Management and Administration Costs - Total management costs
include salaries, wages, and benefits of administrative personnel; related office
space and equipments; and clerical supplies. Depending on the type of management
program implemented, there may be several levels of authority ranging from a depart-
ment or agency level down to a regional district level. Each level of management
would involve similar types of expenses. Any required surveillance or certification
program would require supporting technical inspectors in addition to administrative
personnel. The functional cost elements have been mentioned in Section 2 and also
earlier in this section.

Prior to initial testing and inspection, vehicle scheduling must be conducted.
Appropriate vehicle owners must be notified of the applicable inspection period and
facility location. The proper forms and information pamphlets must be developed
that would inform the public of program objectives and inspection policies and pro-
cedures. A program scheduling and monitoring concept must be developed and imple-
mented to assure achieving the desired effects and benefits.
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6.3 TEST REGIMES' COST ANALYSIS

This paragraph discusses the program costs of implementing and operating three separ-
ate conceptual configurations of each of the four test regimes. The three alternative
configurations considered for each regime are:

a. A State-owned and operated system of inspection facilities. 1In costing
this configuration, it is assumed that the State will acquire land for and
will construct a network of vehicle emission test centers whose sole func-
tion will be vehicular inspection. No automotive service would be per-
formed on site. Quoted costs include all those cost elements defined by
the cost analysis model: site acquisition, facility construction, equip-
ment acquisition, initial personnel training, and all other identified
initial investment costs. Operating costs involve all identified recurring
costs including such items as personnel wages and salaries, facility and
equipment maintenance, and program administration. Profit and taxes in
this configuration are assumed to be zero.

b. Privately owned and operated system of inspection facilities. This con-
figuration assumes the State will select a private management concern to
implement a program similar to that described in "a." Such a concern would
oversee the selection of appropriate sites for the construction of a network
of inspection facilities, which would not include on-site automotive service
capabilities. These inspection facilities would be privately owned and
managed subject to State-adopted regulations. A staff of State employees
would review and monitor the operations of these private inspection facil-
ities. Quoted costs for this configuration include all the cost elements
delineated by the cost model and, in addition, the elements of profit and
taxes, wherever applicable. To facilitate accurate comparison of the vari-
ous program configurations, costs of automotive service are not included in
this evaluation of program costs, but are reserved for a separate discussion.

¢. State-licensed inspection facilities. This configuration assumes that
existing privately owned facilities would perform vehicle emission inspec~-
tions under license by the State., Automotive service could be performed on
site. TIndividual licensees would purchase the prescribed test equipment
complement and would perform the required emissions test for a fee assumed
to consist solely of a labor charge. Quoted annual program costs include
personnel costs and depreciation on purchased equipment, as well as profit.
Taxes would not be applicable to the labor charge for inspection, and the
equivalent property tax rate of 1 percent levied on the purchase price of
equipment is considered sufficiently nominal to preclude discussion herein.
For each regime in each of its configurations, costs are segregated into
discussions of investment and operating costs.

The following analysis is based on the premise that a prescribed functiomn, that of
vehicle emission inspection, must be performed. Given that there are a variety of
ways in which this function might be performed, cost analysis seeks to determine

the total cost to perform the required function. Costs, therefore, are not expressed
simply in terms of cost to the State or cost to the vehicle owner, but rather in
terms of total cost required to accomplish the vehicle inspection task.
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Each regime is analyzed initially on the basis of a twenty-year program life time.
Facilities are depreciated over twenty years (straight-line method); all equipment
is initially straight-line depreciated over ten years for uniformity of analysis
among all four regimes.

For the case of State-licensed facilities, it is assumed that currently licensed
class-A garages would be likely candidates for licenses. It is assumed for purposes
of analysis that an equal number of existing class=-A stations would participate in
whatever regime was implemented. The number assumed participating is sufficient to
accomplish testing of all cars in the State once annually. For operating costs in
this configuration, current garage shop rates are used that account for labor,
facilities, depreciation, profit, taxes, and other related cost items calculated
separately for the first two configurations. Time-line functional-flow analyses
previously performed for the case of private garages are used in the determination
of the time required for an average private garage to perform the required inspec-
tion, and current garage practice is used in affixing the required fee.

Throughout the discussion that follows, California's 11 air basins are referred to
numerically, in order of their decreasing estimated vehicle populations. Table 6-1
lists California's 11 air basins and the corresponding numeric reference for each
of them.

Table 6-1, AIR BASIN NUMERICAL REFERENCES

Air Basin Reference Air Basin

South Coast

San Francisco Bay Area
San Joaquin Valley
Sacramento Valley
San Diego

Southeast Desert
North Central Coast
South Central Coast
North Coast
Northeast Plateau
Great Basin Valley
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6.3.1 Certificate of Compliance

6.3.1,1 State Owned and Operated Network of Inspection Facilities ~ 1In the State-
owned, State-operated configuration, 387 identified inspection facilities consisting
of an estimated 1366 lanes were evaluated by the life-cycle cost model. Based on
the values assigned to the cost model variables that are presented later in para-
graph 6.4, the total investment cost required to implement statewide inspection of
all vehicles according to the Certificate of Compliance procedure delineated in
Section 4, would be $30,263,000. This figure includes all investment cost items
delineated, including construction of stationary facilities, purchase of all in-
spection equipment, training, etc. A graphic portrayal of the investment costs by
air basin for this configuration of Certificate of Compliance is presented in
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Figure 6-1. Considering a statewide program implemented as a whole, approximately
70 percent of all investment cost would be devoted to site acquisition and facility
construction; approximately 26 percent would be devoted to inspection and related
support equipment acquisition, and the remainder would be devoted to all other in-
vestment costs, including initial training and station qualification and certifica-
tion. Investment costs for this configuration are presented in Table 6-2. 1In this
case, as for all the four test regimes conmsidered, a parametric analysis was per-
formed for the most significant cost elements. Equipment acquisition, site acquisi-
tion, and facility construction cost components were allowed to vary *20 percent to
determine the resultant effect on investment cost. These variations are presented
as endpoints of the expected value variation of the various aggregate costs identified.
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Figure 6-1. INVESTMENT COST BY AIR BASIN CERTIFICATE OF COMPLIANCE
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Operating costs for this configuration of Certificate of Compliance for 1972 are
presented in Figure 6-2 and Table 6-3. Approximately 85 percent of the total pro-
gram's annual operating cost would be devoted to salaries, wages, and benefits to
inspection station administrative and station inspection personnel., Program admin-
istrative personnel costs account for approximately 5 percent of total program
operating costs, and all maintenance costs represent approximately 5 percent. As
stated previously, all operating costs are assumed to be subject to a 5 percent
annual rate of increase for all modes of implementation of each regime.

7r — 10,156
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Figure 6-2. OPERATING COST BY AIR BASIN FOR 1972 - STATE OWNED AND OPERATED
NETWORK OF INSPECTION FACILITIES
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6.3.1.2 Contractor Owned and Operated, State-Regulated Network of Inspection
Facilities - This configuration assumes a private concern will perform the same
tasks as would the state in selecting sites for, and constructing a network of
vehicle emission inspection statioms. Assuming the state would assist the selected
concern in site acquisition in exercising powers of eminent domain where required,
there would be no identifiable aggregate cost differences from those investment
costs identified in the previous configuration, since fair market prices were
assumed for all purchases. It is anticipated that the State would assume a regu-
latory role during the preoperational program investment period, and it is also
assumed that the same regulatory staff would be maintained during the operational
lifetime of the program. It is this administrative cost, profit, and taxes that
differentiate this implementation from the State-owned and State-operated configura-
tion in terms of operating costs. Clearly, it is recurring operating costs that
form the largest portion of the program outlined under the State-owned, State-
operated configuration. An annual sum of $23,110,000, escalating annually by 5
percent, plus equipment replacement, when required, must be expended for operating
costs. If the state were to adequately monitor the performance of a statewide
inspection program of vehicle inspection, it is anticipated that a regulatory
agency, consisting of positions varying from station inspector to regional director
to state director, would be required. It is here that a duplication of effort
appears to exist, for im this configuration, the State, in addition to the private
management concern, must inspect and monitor inspection station performance and
overall program performance. Considering the cost of the State administrative
staff involved, it is anticipated that a reasonable estimate of the cost of such a
staff should not exceed 2 percent of total program operating costs. In the case of
Certificate of Compliance as described in paragraph 6.3.1.1, this would amount to a
1972 expenditure of approximately $460,000. This cost would be subject to escala-
tion, as would be all other operating costs.

Program operating costs in addition to this annual administrative cost required to
support auxiliary state supervision, and that are in addition to those discussed in
paragraph 6.3.1.1, and that would be expected to accrue, are those of profit and
taxes. Assuming an annual operating profit of 25 percent, a private operator would
recover his initial investment cost in approximately six years. Taxes involve a
nominal figure since it was assumed that only a labor inspection fee would be charged
to the public. Thus, it is property tax and equipment tax that would be paid. At

8 percent of assessed value (25% of market value), approximately $400,000 would be
realized and could be used to support the State regulatory agency. This cost,
however, would be paid from profit, which would be paid for by the public. Once
again remember, we are interested in total cost involved. Operating costs, assuming
a 25-percent profit margin, are presented in Table 6-4 for 1972 for the privately
owned and operated configuration of Certificate of Compliance.

6.3.1.3 State-Licensed Inspection Facilities - In this configuration it is
assumed that existing automotive facilities such as automobile dealerships, inde-
pendent garages, and service statioms would purchase required inspection equipment
and perform the inspection for a labor charge. Again, although automotive service
might be performed on-site, such costs are not considered in this discussion. As
shown by functional flow time-line analyses performed earlier, personnel will not
perform inspections as rapidly as they would in high-throughput assembly-line type
inspection lanes.

Of the currently existing Class-A licensed stations (approximately 7000 statewide)
assume for purposes of discussion that approximately 5000 of these stations would
participate as licensed vehicle emission test centers.

6-12



352

Table 6-4. 1972 OPERATING COST OF CERTIFICATE OF COMPLIANCE; PRIVATELY
OWNED, PRIVATELY OPERATED, STATE-REGULATED SYSTEM

Air Basin Total Operating Cost for 1972

$12,898,000
6,610,000
1,797,000
2,297,000
2,398,000
939,000
721,000
932,000
484,000
180,000
93,000

— O~ BN

- =

Total $29,349,000

Equipment investment costs would be approximately $24,000,000, or approximately Ffour
times that of the State owned and operated configuration, as approximately four
times the number of lanes of equipment would be required, minus required equipment
already possessed by class-A garages. Training costs would approximate $2,800,000,
as approximately four times the number of lane personnel would require training.
Approximately $800,000 would be required for salaries of qualification and certifi-
cation field personnel, assuming the same time would be required to inspect and
certify each inspection lane. A total of $28,600,000 would therefore be required
for investment costs in this implementation configuration. Based on the time-line
functional flow analysis for private garages in the Certificate of Compliance regime,
an estimated time of 45 minutes would be required to perform one test. At current
shop rates ($12/hr), one would expect an inspection fee of $9/car, or approximately
90 million dollars in operating costs for 1972 in addition to the 2 percent State
administration cost, identified previously, of $18 million, for a total expected
1972 operating cost of $108 million. The specific values assigned to cost model
variables for Certificates of Compliance are presented in paragraph 6.4.

6.3.2 1Idle Test

6.3.2.1 State Owned and Operated - For a State owned and operated system of idle
test vehicle emission inspection stations in the configuration described in Section
4, as prescribed by the station simulation model, an initial investment cost of
$12,084,000 for all air basins in the State is anticipated. Once again, as Table

6-5 and Figure 6-3 indicate, the major portion of this expenditure, approximately

59 percent, is allotted for land acquisition and facility construction. Equipment
acquisition costs approximate one-third of total investment expenditures. As before,
nearly 90 percent of the total investment cost is expended in the first five largest
air basins. Note the consistent and relatively large percentage of the total
investment cost represented by equipment acquisition costs, which increases
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Figure 6-3. INVESTMENT COSTS IDLE TEST STATEWIDE NETWORK OF
NEW FACILITIES

consistently, particularly for the smaller air basins, reflecting not only a rela-
tively high vehicle throughput per facility, but also the increasing percentage of
mobile facilities relegated to the smaller air basins (6-11). Results of paramet-
ric variation in equipment, land, and building costs are summarized in Table 6-5.

Turning to operating costs, Table 6-6 and Figure 6-4, a total of $9,576,000 is the
total projected 1972 operating cost, assuming equipment is depreciated over a ten-
year period and facilities are depreciated over a projected twenty-year program
lifetime. Both are straight-line depreciations. As one would expect, inspection
station personnel salaries once again represent the largest proportion, 70 percent,
of all operating expenditures. Salaries of program administrative personnel repre-
sent an average of 8 percent of operating costs for the first two air basins and
increase proportionately with decreasing basin size, to 57 percent in air basin 11.
This is reflective of the minimum administrative staff that was assigned to any
given air basin. Again, parametric costing results are summarized in Table 6-5.

6.3.2.2 Privately Owned and Operated, State-Regulated System - Considering a
privately owned version, this idle test configuration, if the same rationale for
assigning State supervisory staffing is applied in this case as previously, a
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ALL OTHER OPERATING COSTS

?SALARIES OF PROGRAM ADMINISTRATIVE PERSONNEL

SALARIES OF STATION
ADMINISTRATIVE PERSONNEL

SALARIES OF INSPECTION PERSONNEL
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N
T

/

FH = =
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AIR BASIN ‘
CUMULATIVE 42 64 73 80 87 91 93 96 98 99 100
PERCENT 502
OF TOTAL

Figure 6-4. IDLE TEST OPERATING COSTS FOR 1972 STATEWIDE NETWORK
OF NEW FACILITIES

2-percent administrative burden of $191,000 would be expected in 1972. If an oper-
ating profit of 25 percent is assumed, initial investment would be recovered in
approximately five and one-half years. Operating costs by air basin for a privately
owned network of idle test emission inspection centers, assuming a 25 percent oper-
ating profit, are presented in Table 6-7.

6.3.2.3 State Licensed Inspection Facilities - Based on known labor rates and
calculated test times, as for private service facilities, an expected value for the
fee charged by a private garage or dealer service center or service station to
perform an idle test without accompanying service would be calculated as follows:

30 minutes test time by $12/hour shop rate = $6. TInitial investment cost, assuming
as before, approximately 5000 participating lanes, would be $50,000,000, or roughly,
17 times the previous configuration, as approximately 17 times as many equipment
sets would be required to achieve required annual throughput. This figure includes
only the cost of inspection-related equipment and assumes no site acquisition or

facility construction costs. No portion of this cost has been allocated for the
repair functiom.
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Table 6-7. COST PER BASIN (1972)

Air Basin Total Operating Cost for 1972 ($)

5,135,000
2,591,000
1,167,000
801,000
851,000
488,000
316,000
321,000
257,000
131,000
103,000

= QW Ny W

e

Total ] 12,161,000

[

Training costs would also be expected to increase approximately 16 times, assuming
no more men per lane than prescribed in the test configuration would require train-
ing. Expected training costs would be $1,649,900. 1In the area of Qualification and
Certification, approximately $2,626,000 would be required in certification field
personnel salaries, assuming the mean time required to certify a lane in an existing
facility is equivalent to that of a lane in a private facility. 1In reality, omne
should expect larger times per lane if interstation travel time is accounted for.
Total expected investment cost is $55,200,000.

Operating costs for inspecting 10 million cars in 1972 would be $60,000,000 in
inspection fees plus $1,200,000 (2 percent) in State administration costs. Total
operating cost is $61,200,000.

Parametric analysis indicates the upper and lower bounds on these costs to be
$14,189,000 and $9,463,000, respectively. The values assigned to cost model var-
iables for idle test regime are discussed in paragraph 6.3.6.

6.3.3 Rey Mode

6.3.3.1 State Owned and Operated System - To initiate a statewide network of key
mode vehicle emission inspection facilities according to the design requirements
established in Section &4 of this report, it is estimated that a total initial invest-
ment cost of $19,830,000 would be required. Investment costs by air basin for the
State owned and operated key mode configuration are presented in Figure 6-5 and
Table 6-8.

Facility site acquisition and facility construction costs once again dominate the
investment category at approximately 63 percent of the total investment requirement.
Inspection equipment acquisition cost accounts for 29 percent of total projected
investment expenditures. Once again, approximately 90 percent of the total program
investment cost is allocated to the first five largest air basins. Summary results
of parametric analysis are presented in Table 6-8.
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Figure 6-5. INVESTMENT COSTS BY AIR BASIN KEY MODE TEST
STATEWIDE NETWORK OF NEW FACILITIES

Operating costs for 1972 for the State-owned, State-operated configuration are
presented in Figure 6-6 and Table 6-9. Total 1972 operating cost, including facility
depreciation (20 year, straight-line method) and equipment depreciation (10 year,
straight-line method) is estimated at $10,476,000, of which approximately 59 percent
is salaries paid to inspection lane personnel. Station administrative salaries
represent about 9 percent of total operating cost, while program administrative
personnel account for a full 11 percent of the total operating cost. Here again,
the administrative burden placed on the less densely populated air basins becomes
evident, with program administrative personnel salary costs accounting for 64 per-
cent of all operating funds programmed for air basin 11, Great Basin Valley Air
Basin.

6.3.3.2 Privately Owned and Operated System - Using the same analysis format
applied to the previous two test regimes, 2 percent of the operating cost will be
allotted to support annually the State administrative persomnel required to super-
vise and monitor program operation. Allowance for operating profit of 25 percent
produces a total 1972 operating cost of $13,305,000. Table 6-10 presents estimated
operating costs by air basin.

The values assigned to cost model variables for the Key Mode test regime are dis-
cussed in paragraph 6.4.

6-20
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Figure 6-6. OPERATING COSTS FOR 1972 KEY MODE TEST STATEWIDE
NETWORK OF NEW FACILITIES
Table 6-10. OPERATING COSTS FOR 1972 - PRIVATELY OWNED AND

OPE

RATED NETWORK OF KEY MODE FACILITIES

Air Basin

Operating Cost for 1972

H OWwoo~NoNU W

-

Total

$5,820,000
3,000,000
1,033,000
907,000
862,000
540,000
319,000
333,000
269,000
123,000
99,000

$13,305,000

The values assigned to cost model variables for the Key Mode test regime are dis-

cussed in paragraph 6.4.

6.3.3.3 State Licensed Inspection Facilities - Following the same analysis

procedures indicated for the previous regimes, an expected value of the inspection

fee per vehicle that would be charged by existing facilities to perform the key

mode inspection is calculated as follows:

Test time = 30 min x $12/hr shop rate = $6 inspection fee.
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If all cars in the state were tested at this rate, an operating cost of $60 million
would be expected. With the usual 2 percent administrative allotment, a total 1972
operating cost of $61,200,000 would be expected. Equipment investment costs would
be expected, assuming again 5,000 participating lanes to be approximately 12 times
the 398 lanes of the State owned and operated configuration, or a total of
$61,500,000.

Initial training requirements, based upon an assumed proportional increase in par-
ticipating lane personnel, are estimated at $2,076,000. Field cost involved in
qualification and certification, again expected to be proportional to lane and
station requirements, would require $3,880,000. Total investment cost required
would be $67,456,000,

The values assigned to cost model variables for the diagnostic regime are discussed
in paragraph 6.4,

6.3.4 Diagnostic Test

6.3.4.1 State Owned, State Operated Network of Diagnostic Facilities =~ The total
expected investment cost required to implement a statewide system of diagnostic test
centers of the types and number described in Section 4 is estimated to be $88,776,000,
Refer to Table 6-11 and Figure 6-7 to supplement the following discussion. In the
case of this test regime, approximately 72 percent of the total investment cost is
allocated for site acquisition and facility comstruction costs; facility construc-
tion alone accounts for approximately 30 to 40 percent, even in those air basins
with a considerable number of mobile lanes allotted, Inspection equipment acquisi-
tion costs account for 26 percent of the total, leaving approximately 3 percent
allotted to all other investment costs including equipment installatiom, training,
and certification. This situation reflects the large land and facility requirements
for diagnostic test implementation. Once again, approximately 90 percent of invest-
ment expenditures are allotted to the first five air basins. Training costs,
although a large consideration in program design and implementation, represent
approximately 1 percent of total investment cost allocation. Results of parametric
analysis are presented in Table 6-11.

Operating costs for full implementation of the State-owned, State-operated configu-
ration are presented in Figure 6-8 and Table 6-12. Personnel costs once again pre-
dominate, accounting for 66 percent of the projected 1972 operating cost in terms

of inspection personnel alone. A total of 16.9 percent is allotted to statiom
administrative personnel while program administrative salaries amount to 3.7 percent
of total operating expense. Salaries paid to personnel account for 86.1 percent of
operating cost. Facility maintenance and depreciation total 12 percent of projected
1972 operating costs for full program implementation. Parametric analysis yielded
results summarized in Table 6-12.

6.3.4.2 Privately Owned and Operated State-Regulated Network of Diagnostic Emission
Test Facilities =~ As in the previous cases, an administrative cost of 2 percent of
annual operating cost is allotted for State supervision. A total of $612,000 would
be required. With 25 percent profit margin allowed, expected operating costs by

air basin for 1972 for this configuration are presented in Table 6-13.
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Figure 6-7, INVESTMENT COST BY AIR BASIN DIAGNOSTIC TEST
STATEWIDE NETWORK OF NEW FACILITIES
6.3.4.3 State Licensed Emission Inspection Facilities -~ Based on vehicle through-

put analysis and current practices of private automotive service centers, assuming
a sufficient number of qualified personnel could be obtained, an anticipated fee of
$12 would be charged per vehicle, calculated as follows:

60 minutes test time x $12/hr shop rate = $12

Such a fee would yield a 1972 operating cost contribution of $120,000,000. Adminis-
trative cost (2 percent) would be $2,400,000 for a total 1972 operating cost of
$122,400,000. An approximate equipment acquisition investment cost of $140,000,000
would be expected for the 5,000 lanes, assumed for purposes of uniform cost analysis,
that may choose to participate, based on the increased number of lanes from 784 that
are indicated in the State owned and operated configuration.

Assuming 5000 lanes participating, initial training fees would require a proportion~
ate increase to $7,500,000. Increased initial administrative costs related to quali-
fication and certification would be expected to increase proportionately to $2,525,000
for a total investment cost of approximately $150,000,000,

?

Paragraph 6.4 discusses the individual values assigned to cost model variables for
the diagnostic regime.
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Figure 6-8, DIAGNOSTIC TEST OPERATING COST FOR 1972

Table 6-13. OPERATING COSTS FOR 1972 FOR A PRIVATELY OWNED AND OPERATED,
STATE REGULATED SYSTEM OF DIAGNOSTIC EMISSION TEST FACILITIES

$17,332,000
8,792,000
2,769,000
| 2,892,000
! 2,659,000
1,520,000
916,000
918,000
751,000
227,000
198,000

—
Air Basin 1972 Operating Cost ‘
!
|
i
|
|

HFOoOWYoo~sNoOTu W

=

Total | $38,974,000
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6.3.5 Comparative Cost Analysis

The investment and operating costs described in the previous paragraphs are now
compared according to the four inspection regimes. The costs have been estimated
subject to specified assumptions. However, the cost elements have been presented in
such detail that the reader should be able to construct cost estimates based on
different assumptions’ from the data contained in this section.

For example, the cost of a test procedure employing different equipment could be
determined by adding the new equipment cost to the other existing investment coSts
and the operating costs. A modified idle inspection program using the instruments
assigned to the Certificate of Compliance would have an equipment acquisition cost
of $18,000,000 rather than $50,000,000. If only exhaust emission measurement equip-
ment is required, the additional equipment cost would be only $8,000,000. However,
the inaccuracy of the measurement and manhours employed in data handling would in-
crease significantly over those of the recommended configurations represented in
these cost estimates.

6.3.5.1 Investment Cost - The following comparative discussion of investment costs
of the four test regimes is supplemented by Figure 6-9 and Table 6-14. All costs
discussed are based on the State-owned, State-operated configuration of each regime.
Readily apparent from either Figure 6-9 or from Table 6-14 is the relative ranking
of investment costs of each of the four test regimes. Least costly is idle test at
$12,084,000 followed by key mode, Certificate of Compliance, and diagnostic tests

at $19,830, 000, $30,263,000, and $88,776,000 respectively. Of the two largest
portions of this total investment cost, site acquisition and facility construction,
each of the four regimes requires, for site acquisition alone, from a 32 percent low
for diagnostic to a 38 percent high for idle, with Certificate of Compliance at 35
percent and key mode at 37 percent. Facility construction takes another large por-
tion of initial investment cost, from a low of 25 percent for idle, to a high of 40
percent for diagnostic, with Certificate of Compliance and key mode at 35 percent
and 37 percent, respectively. For these two areas, site acquisition and facility
construction, which in all cases comprise at least 59 percent of total investment
cost of each test regime, one would expect that the higher throughput regimes,
namely idle and key mode, might require a smaller proportion of the total investment
cost than would the lower throughput regimes, diagnostic and Certificate of Compli-
ance, primarily because fewer lanes are required for the former cases. This assump=-
tion is substantiated in part by the total program investment cost results. The
marked exception is the diagnostic regime which requires significantly larger land
area and facilities for each operational lane.

Another significant investment cost item, inspection equipment acquisition, coun-
sisting of both stationary site inspection acquisition costs and mobile site inspec-
tion equipment acquisition costs, comprises a percentage of total investment cost of
from 26 percent each for Certificate of Compliance and diagnostic to 29 percent for
key mode and 33 percent for idle.

The proportionately equal weighting of instrumentation costs observed between Certi-
ficate of Compliance and diagnostic tests reflects the significantly higher instru-
mentation requirements of the diagnostic regime., Upon failure of each vehicle in
this regime, a complete diagnostic instrumentation complement would be required to
be available for each diagnostician during malfunction diagnosis.

6-28



1001

80+

MILLIONS OF DOLLARS

20F

STATIONARY SITE EQUIPMENT ACQUISITION

ALL OTHER INVESTMENT COSTS

FACILITY CONSTRUCTION \

368

[/

SITE ACQUISITION\

COFC

IDLE

KEY MODE DIAGNOSTIC

502

Figure 6-9. COMPARISON OF INVESTMENT COSTS FOR FOUR TEST REGIMES

Table 6-14.

INVESTMENT COSTS BY TEST TYPE
(THOUSANDS OF DOLLARS)

Cost Element Cof C Idle Key Mode Diagnostic
Site Acquisition 10,609 (35)*| 4,566 (38) | 7,315 (37) [28,097 (32)
Facility Construction 10,256 (34) 2,551 (21) 5,130 (26) [35,208 (40)
Stationary Site Inspec Equip 6,365 (21) | 3,040 (25) 5,096 (26) {21,060 (24)
Mobile Inspection Equipment 1,490 (5) 1,000 (8) 594 (3) 1,690 (2)
Equipment Installation - 58 590 (3) 501
Training Costs 703 (2) 97 (1) 173 (1) 1,176 (1)
Facility Plans and Bids 15 15 20 25
Qualification and Certification
Salaries of Field Personnel 199 (1) 178 (2) 323 (2) 396
Program Administrative Costs 626 (2) 576 (5) 589 (2) 623 (1)
;|Total Investment Cost 30,263 12,084 19,830 88,776

| *Percentage of Total
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The equipment installation category applies only to the idle, key mode, and diag-
nostic regimes, as only they involve nontrivial installation procedures. Of the
three regimes, key mode equipment installation represents the greatest portion of
investment cost, at 3 percent. Idle and diagnostic equipment installation costs
represent less than one percent of the total investment cost of their respective
regimes.,

Training costs are nominal at one percent of investment cost each for idle, key mode,
and diagnostic tests, and two percent for Certificate of Compliance.

The qualification and certification cost category consists of the salaries of field
personnel, who would inspect and certify inspection stations, and program administra-
tive costs during the preoperational period of qualification and certification that,
in turn, consist of salaries of program administrative personnel and all other pro-
gram administrative costs incurred during this period, These costs are nominal for
all regimes varying from a low of one percent for diagnostic toc a high of five per-
cent for idle. These varying percentages, but essentially equivalent absolute mag-
nitudes, are merely indicative of the essentially invariant cost of administering a
comprehensive program of mandatory periodic vehicle inspection,

6.3.5.2 Operating Costs - Graphic and tabular summary results of the comparative
operating costs of the four test regimes for 1972 are presented in Figure 6-10 and
Table 6-15. The following discussion references these two presentations.

32
-4
é 241 ALL OTHER OPERATING COSTS
@] /
fa) / SALARIES OF PROGRAM ADMINISTRATIVE PERSONNEL
5 i
% L SALARIES OF STATION ADMINISTRATIVE PERSONNEL
S 16 | SALARIES OF MOBILE SITE INSPECTION PERSONNEL
—d
=

/SALARIES OF STATIONARY SITE INSPECTION PERSONNEL

COFC IDLE KEY MODE DIAGNOSTIC
502

Figure 6-10, COMPARISON OF 1972 OPERATING COSTS FOR
FOUR TEST REGIMES
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Table 6-15. OPERATING COSTS BY TEST TYPE

Cost Element C of C Idle Key Mode Diagnostic

Salaries of Stationary 14,737 (64)%] 5,893 (62) | 6,131 (59) |18,677 (61)
Facility Personnel

‘|Salaries of Mobile Facility 1,749 (8) 742 (8) 517 (5) 1,505 (5)
Personnel
Salaries of Station 2,782 (12) 631 (7) 981 (9) 5,209 (17)
Administrative Personnel
Equipment Maintenance 768 (3) 406 (&) 515 (5) 212 (0.5)
Equipment Depreciation 768 (3) 406 (4) 515 (5) 212 (0.5)
Stationary Inspection Facility 511 (2) 128 (1) 258 (2) 1,759 (6)
Maintenance
Inspection Facility 511 (2) 128 (1) 258 (2) 1,759 (6)
Depreciation
Salaries of Program 1,099 (5) 1,055 (11) 1,103 (11) 1,167 (4)
Administrative Personnel
All Other Administrative 186 (1) 187 (2) 198 (2) 188 (1)
Operating Costs

Total 23,110 9,576 10,476 30,688

*Percentage of Total

By far the largest percentage of operating costs of any of these regimes is for
inspection facility personnel, Ranging from a high of 72 percent for Certificate

of Compliance to a low of 64 percent for key mode, with idle and diagnostic between
at 70 percent and 66 percent, respectively, inspection facility inspection personnel
salaries clearly dominate the operating cost category. Inspection station admin-
istrative personnel salaries vary from 12 percent of the total 1972 operating cost
in the case of Certificate of Compliance, to a low of 7 percent for idle, This
variation is indicative of the significant difference in vehicle throughput per lane
that exists between Certificate of Compliance and idle tests, the former requiring

a much larger number of multilane facilities, and consequently a significantly
larger number of station administrative personnel, Equipment maintenance and equip-
ment depreciation (10 years, straight-line method) each represent a nominal portion
of the total projected 1972 operating cost for each regime, varying from one-half of
one percent for diagnostic, to a high of 3 percent for key mode.

Program administrative personnel salaries reflect again in operating costs, as they
did in the qualification and certification category of investment costs, the com-
parable cost required to administer any of these four test regimes. Although their
individual percentage representations within a given regime vary from four to eleven
percent of operating cost for diagnostic and idle tests, respectively, their absolute
magnitudes vary from $1,055,000 for idle to $1,167,000 for diagnostic,
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Note the similarity within each regime, in that expected operating costs are
consistently significantly lower for the state-owned and state-operated configuration
than for a state-licensed configuration. This reflects the inefficiencies suffered
by all regimes in terms of total throughput per lane when each regime is relegated to
existing facilities, as well as the profit earmed by those facilities in performing
the required inspections.

We have assumed for purposes of analysis that all equipments have a life of 10 years
(10-year straight-line depreciation was used). Consider now the operating cOSts of
cach of the four regimes based on 10-year 1ifetimes assumed for diagnostic consoles,
dynamometers, and other heavy equipment, and 5-year 1ifetimes for gas analyzers and
automated data processing equipment. It 1s assumed in plotting Figure 6-11 that the
present worth of all future equipment is equal to that available today. In all
cases, a 5 percent annual escalation factor is assumed. See Table 6-16 for a break-
down by year of operating costs of the four test regimes.
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Figure 6-11. COMPARATIVE OPERATING COSTS FOR FOUR TEST REGIMES

If an approximation of inspection fees is based on operating cost, merely by dividing
the 1972 operating cost by the total number of vehicles to be tested, one would
expect comparative fees for the four regimes as presented in Table 6-17, assuming

the usual full, statewide implementation in all cases.
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Table 6-16., OPERATING COSTS FOR FOUR TEST REGIMES

(THOUSANDS OF DOLLARS)
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Model Year C of C Idle Key Mode Diagnostic
1972 23,477 9,978 10,919 33,122
1973 24,651 10,477 11,465 34,778
1974 25,883 11,001 - 12,038 36,517
1975 27,178 11,551 12,640 38,343
1976 28,536 12,128 13,272 40,260
1977 34,353 17,858 19,950 58,030
1978 31,404 13,347 14,607 44 307
1979 32,974 14,014 15,337 46,522
1980 34,623 14,715 16,104 48,848
1981 36,354 15,406 16,909 51,291
1982 49,131 22,045 26,328 99,905
1983 38,201 16,262 17,948 56,436
1984 40,111 17,075 18,845 59,258
1985 42,117 17,929 19,788 62,221
1986 44,222 18,825 20,777 65,332
1987 53,568 26,830 27,322 80,572
1988 48,669 19,395 22,907 72,018
1989 51,102 20,365 24,052 75,619
1990 53,658 21,383 25,255 79,400

Table 6-17. APPROXIMATE

INSPECTION FEES BY TEST AND CONFIGURATION

Configuration CofC Idle Key Mode Diagnostic
State Owned and Operated $2.31 $ .96 $1.05 $ 3.07
Privately Owned and Operated, 2.94 1,22 1.33 3.90
State Regulated
State Licensed 9.00 6.00 6.00 12,00

6.3.6 Constant Volume Sampling

Constant volume sampling procedures for end of assembly line testing will probably

be applied to vehicle surveillance inspections in the future.

will be a short (2-minute) dynamometer cycle followed by the sample analysis.
Several specific procedures are under investigation by the Air Pollution Control
Office of EPA. An approximate cost estimate has been generated from the available

information.
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The approximate throughput of vehicles per station is expected to be similar to key
mode throughput since the dynamometer cycles are of similar length. The station con-
figurations would therefore be similar as would the total number of stations required.
The equipment requirements would change, however, to satisfy the CVS procedure. The
dynamometer would require variable inertia loading and power absorption. These fea-
tures can be added to the key mode dynamometer after it has been installed. The ex-
haust emission instruments include the constant volume sampler and the appropriate gas
analyzers (FID for hydrocarbons, chemiluminescence for NO, and NDIR for CO). The ex-
pected incremental cost of the equipment is estimated at $33,000 per inspection lane.
This estimate is used to generate Table 6-18, which shows the CVS investment costs

by air basin, and Table 6-25, which shows the estimate cost for each station type.

6.4 COST VALUE ASSIGNMENTS

This paragraph describes the rationale for assigning specific values to the individual
elements of the cost model. The values assigned to unit costs occurring in all
regimes, i.e., unit land costs and equipment costs, are discussed in paragraph 6.4.1.
The description of costs analyses for each of the test regimes in paragraph 6.4.2
includes results of exercising the cost model. A listing of symbols and parametric
values applicable to the life-cycle cost model is given in Table 6-19. Following

this table are Tables 6-20 through 6-25, which provide a listing of cost model vari-
ables which vary by air basin and a listing of the dollar amounts for each station
configuration of the four test regimes.

All assigned cost values were based on current prevailing rates and represent best
estimates available at time of report preparation. Alternate means of fipancing,
such as lease or purchase, all or part of the program costs will not be discussed
in this section. In each case discussed below, variable names assigned by the cost
model are indicated in parentheses.

6.4.1 Cost Factors Independent of Test Regime

In the consideration of cost factors independent of test regimes, the analysis
showed that some cost model elements have the same unit value in all test regimes.
These values which do not vary are discussed in the following paragraphs.

6.4.1.1 Investment Costs - Site acquisition (SA) costs depend on facility size
() and unit land cost (ULC). Unit costs for land purchase (ULC) shown in Table
6-20 were determined for each air basin from commercial realtors. Undeveloped land
costs in areas as large as air basins vary significantly, i.e., £50 percent in the
South Coast Air Basin. 1In general, the fixed facilities would be located in areas
already well developed; therefore, the basin-wide average land cost (ULC) has been
based on urban land costs within each basin,

Facility construction (FC) costs depend on facility size and unit construction cost
(UCC). The unit construction cost (UCC) shown in Table 6-20 depends on the type of
test regime, the location, the prevailing wage rates in the area, and the construc-
tion material. Cost estimates were prepared by industrial engineering personnel for
costs in the South Coast area based on wood frame and stucco materials. The estimates
for each regime were based upon double-lane configurations. Stations of different
sizes were priced by multiplying the floor area by the urit cost. The costs indicated
include land clearance, structure, parking and access areas, and interior building
services such as power, a fire extinguisher water-sprinkler system, compressed air,
exhaust recovery, space heaters, etc. A detailed description of the configuration

of the stations is given in Section 4.

6-35



375

1893 OT3Is0udBI(Q

98
el 1593 opow 49y
6S 3893 °7pl
89 ooueITdwo) Jo 93BOTITIADY
% 07%F $INOY Poute1] uwoT3Ioedsur sINOY WOOISSED IHn
Touuosaad
g £313UEn) aaTiBadsTUTWpE weadoad jo sed4l Fo a=quny Iv
00°85$ UBTOIUYDSZ UOTIRIUSUNIISUT
0€" 658 io3oedsut soueildwos AITIIoBJ
y =2d4£3
‘HuoT3BOTITIABY A0J ToUuosIad SATIBAISTUTIL
Y0ZF Kep/s -pe ‘sjT3eousq o8urijy SuIpnIoul =3ea 98EpH Amddav
UOTIEDTITIASO pue UOIIBOTJITenb Joj
07-9 °19®BL °°S 9TqRTIIABA A3Tauend “y odL3 ¢Touuosasd sATIRIFSTUTWPE WEAZOJ Aodbday
¢-# °1qe] 2°g 2 02F 9TABTABA 37 bg [ eeae orydeaSoo8 ‘T £3TT110B3F ‘®RIY ﬂﬂm<
JuswmaSeuew
peleInoIe) aeak /g weadoad €s3s00 Teuuosaad DATIBIISTUTUPY Wdvy
pol1BINOTED ae9k /g 3500 wowds 9051330 Juswsdeuew weildoag SOy
£ [ eaae ‘2013370
02-9 ®19®BL °°S STqETIEA 1B34 /5 aaTleaIsTUTWPE ‘setTddns 3500 UBSK fsdy
jusweSeuen weadoad
pPoI1BINOTED aeah /¢ ‘so17ddns pue juswdinbs ‘3sod TE3O] Sdy
0Z-9 9Tq®BI 39S 4027 9TqEBTABA 313 bsg { eoae ul ‘901JJ0 SATIBIISTUTWUPE °‘BIIAY no<<
9Tqe] ©2 Y00F aT1qeTae b [ uors1aTp
€-% °19®L #°5 H0cF Ta®EIBA REAR o1ydeadoo8 ‘1 931s uoljloadsul ‘eaay f1y
pPoIBINOTED saeT10(d s1s00 dn-31B31Ss 94TIBIISTUTWPE WBIZ0IJ Oy
sIBWIY 28ury ONTEA onNTBA 95BY s3TUN uoT3TIUIISQ 10quig

SHATVA OTAIIWVIVAd UNV STOGWAS THAOW LSOO HTIDAD HAIT

"61-9 °TQEL

6-36



376

PoIBINOTEYD saeT1od 1800 uoTleTIrIsul juswdinbs TeiO] T
000°02s 31893 °13sou8®IQg
000°GT1S 1593 opou L9y
000°6T$ 3s93 °1pI
000° 18 sourrTdwo) Jo ©1IBOTITIAL)
Y0ZF s1qeTaBA | 195/8aBITOQ 198 jusudinbs 35931 WOTIIBDTITIIALY SOAL
uotatstnboe juswdinbs uoTa THVE
peaeInoTe)d saeiToq | ~oodsul 9]Tqowm 10 AI1BUOTIBIS JO 350D TeIO] 1SvH
pe3BINOTED sie1Toq uor3TsInbor juswdinbs £317T0®I uUOTIOedsuT Vi
poaBInoIE) Lep/s sotaeTes Touuosiad aTedex f1sod Fulureil MID
SoTIJIBIES TOUUOS
pPo31BINOIB) £ep/d -a9d £317T1o®BI uoTldadsul €3500 BUTUTBI] 119
po18INoIB) sae110d s31s0o juswdolona®p puB Yoarssold TBIOL Ty
J030NI13SUT
1 A313ueNnD ai1edex 9UO0 S9SINOD JO I2QUNU JUIANDUOYH dn
pPoI1BINOTERY aeak/$ $3S0D 20UBUL]IUTEW pue uoljeisdo TeIO] d0n
15090
poaRInOTR) sae110Qd JuswisaAUT pur uwoIlIsInboe [BTITUT TBIOL ANTn
1030on13sul ‘uworldadsur
1 A313UEn) 2U0 ‘S9SAN0CD JO JIDQUNU JUDIINDIUODH I,
0% 1s923 oI131souleI(q
0% 1s9] opouw A9
0% 1se3 97pI
0% ooueITdwon Jo 923BITITIASY
%0CE OTqBTIEA sanoy 29uTeal atedox °sSINOY WOOISSBID dHo
syIewoy o3uey ONTBA anTep 9seg s3TUp uoI3ITUTI=g 10quig

(penutluo)d) SHNTVA DTUIAAVAVA ANV STOYWAS THAOW ISOD HTDAD HATIT °6T-9 °TqEL

6~37



377

0 1893 2T350uUl®eIg

0 1s9) opow L9y

0 38931 9TpI

0 gouptTdwon JO ®3BOTITIIALY
9TqETIBA she( Touvosiad atedesa ‘UOTIBAND UBIW ISINODH dy

0002 1893 oT1soulelq

0002 1893 epou L9y

000¢ 1891 ITPI

0002 soueITdwmon Jo |IBDTITIILD

£3T110®]

9TqBTIBA ak/say | oTTiqow e uorivedsutr 3 odL3 ‘pediom SINOH xhﬂzm

11 38931 oT3soudelq

6 1597 opouw A3y

) 1893 91PL

g sourT1dwon Jo 93€OIFTIASDD
A YA DTqeTIBA sfeq UoIJeANp UBSW 95INO0D u0TIdadsuf Iy

PoueusjUTRW A3TTIOBI I0J pPOIIOTTR

%01 1500 JUBWISSOAUT AITTIOBI JOo o8ejusnasg dHg
pPoIBINOTRY saBTTO(Q 1800 SOoUBULIUTEW AJTTIOBI [EBNUUEB TEIOL WA
po3EINOTEY) saey1oq 71800 UOTJIONIAISUOD AITTIOBI 0d

0078 18931 oT13soudeIq

009% 3593 opouw Koy

00Z$ 1893 9TPI

06$ oouet(dwon Jo 931®OIITIIALY
9TqQBIAEA [9u®T/saeTTo(d 3s0o uoljerTeasur juaudinby oTH
A BWOY 93ury onTep aNTEA ©Skg s3TUn UoTITUTI=Q Toquig

(penuijuod) SANTVA DTILIAVIVA ANV S'TOIWAS

TIAOW 1S0D H{IDAD HATT '6T1-9 RT9EL

6-38



378

1s0o> juswdinbs 3a0d
WIIL =98 yAN A °1qeTaB) | BIS/SaBITOQ -dns eATleIISTUTWPE TETITUT “93ITS STTQOW | SVWDHEI
#7-9 9IqeI 998 1s93 o13s50ud®EIQ
£¢-9 219®I 298 3593 opowm £9Y
¢C-9 °T9BL @3 1891 STpPI
12-9 9198l 99§ 1s93 ooueiTdwo) Jo 93BOTITIAD)
72027 a1qeTaep | elg/saeITOQ 2315 Axeuorljels ‘1sod jusmdinbs TeraTuY SOUT
Z-9 91qe] °9%8 1593 o13soulrIQg
£Z-9 @19l 99§ 1591 opouw Loy
7Z2-9 °19®BI °9% 3191 opom ITpPI
1Z-9 °19BIL 999 1823 oouetidwo) Jo 2IBOTITIISN
40TF 2TqeTIRA | BIG/SABTTOQ 93TSs aTTqom ‘3soo juswdinbs JeI3TUT WHAT
0 OTUBYOIW Y SSBID
Touuosasd atedsia
STABRTIBA anoy/¢ ‘s31Jouaq o3utay SUIpNIoUT 23BI 988BM mmm
0L° %% I ueTIdTUYDL] 3s93/uoTioedsug
0€°9¢ II ueIDTUYDD] 3893 /uUoTioadsug
(ueroT3soudeiq)
06°8$ III ueToTUYD®} 3823 /uoTjoadsul
T STqBRTIABA anoy/g $31TJoUaq =23uTay 9cz Surpnyour 231 °%BM thm
000¢ 18931 o13souSei(
0002 31593 opou Loy
000¢ 1s93 9TpI
0002 ooueT{dmo) Jo 9IBOIITIAS)
AJT110®I LaE
STJBTIIBA 1L/say | -uotaels 3e I03oadsur 3 odL3 ‘poyiom sianoy xﬁﬂmm
syarwey o8ury oniep | onfep 9seYg s3TUn UoTITUIIO(Q Toquig

(penUT3U0D) SENTVA OTYIINVIVA ANV STOGWAS TAGOR ISOD HIDAD HATIT

“61-9 °1qel

6-39



379

AT gys1

=t ©TqB], 298 9TqBIIABA Aa17Uuen) |fouuosasd SATIBIISTUTWPE UOTIELIS uotjoadsurl
slep G 00¢ 1893 OT3souldeIQ
sep ¢ 00g 1597 opouw A9y
sdep ¢ 00¢€ 3893 °TP1
sfkep ¢ 00¢€ oouetTdwon Jo IIBITITIIADD
%0TT STqETIBA saeyoq |2030onagsut aTedea ‘s3pyeusq snid 993 985IN0H T
1 UOTIEAS
d1 se suweg 9TQBTIBA £312UBND ‘Guiuteaz 3y 2dL1 BuTATed9a TENpIATPUL Atiar
¢-4 9TqBI @98 mﬂgwﬂum> La13uend 3 o2d43 jo Touuosaesd uorldadsul A1a1
poIBINOTED A313uED) sod£3 Touuosasd uoTlosdsur ﬁHmH
ieIaolEBW puUB
peolBINOTR) sael1od uoT3109dsuT 3500 UOTIONIAISUT UOTIDdSUT 91T
sAep T¢ 0021 1893 0T13S0uUlBI(Q
SABp Q7 080T 1891 apow A9y
sdep 1T 099 Is°3 °7TpI
sfep GT 006 ooueITdwon IO ®IBITITIADD
%0CF 9TqETIABA saeTToq Jd030n13suT uoiioadsul o3 pIed 99 95IN0YH 1T
juamdInbe
SDUI °9S %0F 9TqeTaBA | BIS/SABTTOQ axoddns Teratul ‘£3T7I0e3 AaBUOTIEIS SSOEI
SDHTI ®°§ HWer oTqeTiEA | BIg/SaviTo( | 3500 Juewdinbe Ter3Tul A3TTI0R3 LaBUOTIEIS ISDHUI
1s00 jusudinbe jaoddns
SOHI @98 yAorA 9TqeTABA | BIS/SABTTOQ 9ATIBIISTUTWPE TBIITUT ‘93TS AIBUOTILRIS SVSDHET
3500 jusmdinba
WOIT @98 Y0CF 9TqBRIIBA | BAS/SaABTTOQ 1xoddns uoT3oadsul TeTIITUT 923TS OTIYOW SHOTT
3s00
WOHI @98 %0CF 9TqeTaep | BIS/SABTTOQ jusudinbe uorjoodsur TETITUT 93TS STTQOW | ISWOHT
SyIBWY a8uey sniep | SNTEA 98k satuf UOTITUTI QT Toquisg

(penutiuod) SHUATVA OTIAIIWNVEVd ANV STOUWAS THAOW LSOD ATOAD HATT

"61-9 °TqEL

6-40



380

9TqeTaBA 97240 9317 ul saeof Jo Xapujl u
Z 1s93 213souldeIq
Z 15971 °Spow A9y
4 ise1 9TPIL
1 soueTdwo) Jo 231BITITIIDD
9TqBIIBA £3173UBNY si10309dsuTl weo] UOTIIEBOIITIAD) SNT
soxel ‘SOTITTIo®]
RS 01 Po3IBOOTT® IS0O0 JUSWISSAUT JO JUDDIADJ ddyg
poIBTNO IR aeek/¢ 20UBUSIUTRBW PU® SOTITTTIN LITTIOBI BRI
‘ SR
%071 J03 POIBOOTT® 1500 JUSWISDAUT JO JUDDIDG dSHy
SoUBUDIUTEM
peileInoTed aeoh/§ Jusmdinbs pue se1Tddns jioddns-uotioedsur SHp
701 I8y 103 pe3307T® 1505 JuUsWISOAUT Jo Jusdas(g dTdy
Po1BINOTED aeaL/4 oourulluTew juswdinbs pojusTao-uorzoedsuy THy
$3500 doueualutew jioddns sATIRIISTUTWPE
%01 03 Pe3310TIB 1500 JUSM]ISOAUT JO o8eIuUsdIDg JSYIH
PoI1BINOTEBY aeek /¢ | oouruejurew ji0ddns SATIBIAISTUTWPR UOTIRIS SV
po3eInoien saieT10Q 350> wridoad 91040 9JTI] [BIOIL 99T
VAS A3T3UuEn) aeo4 oseq woag patrTdde 101oe3 UOTIIBIROSH oy
1 18931 o13souleI(
1 3s8] opouwm L9y
1 1s81 °TPI
1 oourITdwoy JO 9IBOTIITIIAL)
9TqeTaep £a13uEN) 8ututeal Jo sodff II
SYIBWaY o8ury onTep | oniep oseyg s3TUn uoIITUTIOQ T0quAg

(PenUTIUO)) SHNTVA OTUIAWVIVA ANV STOSWAS THAOW IS0D HTOXD HATT “61-9 ®1delL

6-41



381

0z Y 13910
103eIlsTUTUWP® A3TTI°BI
202F 9TqBTIIBA anoy/§ oTTqow ‘s3TIousq s8uTaz Sulpniout ‘s28eM Jvad
I8°¢€ zo1easdo juswdinbs sATiOoWOINY
9T°S 1 ueTOTUYO®3 3§93 /u0TIoadsul
06°9 11 ueTIoTUYDS] 1897 /U0TIoadsu]
6 TII UBTOTUYOO? 3597 /uotioedsu]
£3TT10®3 °TTqow 3B UOTIoadsur 7 ad4a
AV A 9TqETIBA anoy /¢ ¢gyTgousq 98UTIT %GE¢ SUTPNIOUT ‘sodrM Wad
000°52 3se3 °T3soudelq
000°02 3se3 opou L@y
000°6T 1se3 9TPI
000°ST soupTTdwo) JO 93BOTITIIALD
OTqETABA saeTTO(J sp1q pue sueTd AITTIORA ad
0z-9 °1qBl @°S 9TqRTIABA sIeTTOq0 [ eoae ‘sorTddns pue s2UTUOBW OTFI0 fw0
0z-9 91981 998 oTqeTaep | aK/3F bs/g [ eoae ‘3500 ®ordS BOI® 90TIJ0 ﬁmo
OTqRTIBA £aTIuend [ uotstalp oTydea80o98 Ul SUOTIBIS hmz
[ eaae
07-9 °19®I ©°S STqBIIBA Aa17UBn) ¢gToA9T SATIEIISTUTWPE weadoad Jo °ON hz
11 A3T13uend 27878 UTYITA UOTSIATP OTydeados) wz
pelelnoTe) Aa13uend s107oNI3sUT os5anod aredey N
polBInoTE) A313uend §10730oNI3SUT 98IN0D UOTI02dsUT TN
peaEeInoTE) A313uend [ poar ‘poainbsa swe9l uoTaoadsug hHUz
polenoTe) Aa313uend swes] UOTIBOTITIA9O uOoTjeIS uoTioadsul ION
[ eoae
0Z-9 91qel °9°S ITYETIBA Ay1yueny | €3 Tos9T ¢1ouuosaod SATIEBAISTUTUPE weadoad th<z
gyIeWeY o8uey onTEA | °ONTBA °S®BY s31UR UOTITUTIO(Q Toquig

(penutiuo)) SHNTVA DTALHNVEVA NV STOIWAS TAGOW ISOD WIDAD HAIT °6T-9 °T9®L

6-42



382

61 3891 °1P1
cI soueTtdwo) Jo 9318OTITIIDY
9TqETIBA A313U0END Iaqunu uesw ‘s90UTBIA] 95anod uorldadsug Ig
0 1893 oT3souldeiqg
0 1s9] opow Aoy
w 0 1893 °TPI
" 0 sourTTdwo) JO 23BOTITIADD
M UoTIONIISUT poIuUsTIo~-aTedal
, 9TqRIIBA L3TuEny 8uTATSD93 T UOTI®BIS 3B TenpIAIpUT ¥ =dAg AT1ay
p231BINOTE) saeT100 $1500 TBIA9IBW puB si103oNajzsur atedsy 91y
: 00° 8¢ URTIOTUYDD] UOTIIBIUSWNIISUT
| 00° 6% m 1o03osdsut soueTTdwod LITTIOBI
Touuosisad pISIF UOTIIBOT]

%0CF - STqBTIIBA Lep/s -13390 °s31J2usq °23utay SUuIpnIoul ‘sa8eM Cmod
po31BINOTED | saeT10Q UOoTI®BOIITIISD pur uoIleoryrTenb uoljeig 0
poIeInoTe) | aeak/§ 1500 SUIUT®BI] TOUUOSIDG I1d

¢8°¢ m NIDTD
! 0€°9 M Js8eUuBW JUBISISSY
| G0° L I98BUBK
| £3177oBJ L1BUOTIILIS OATIBAISTUTWDE
%L0CF i 9TqBRIABA anoy/g 3 =2d4L3 ‘saTyeusq o8uray Surpnyoul ‘soSeM th<mmm
! 0L 1 ueTOTUYO®} 3s93/uoTioadsuy
W 0g*9 1T UBIOTIUYDD] ummU\GOHuoomwcH.
0c°g 111 ueIdTUYS®l 18973 /uorioadsur
A171083 UoTIoadsuTl LivUOIleIS 3B 10308dsSuT
20Z% DIqBRIIEA 3 odA31 ‘s3Tgyeusq =8utra3y Surpniour ‘solep thMm
I BWDY o8uey °oNTeA | °NTEA 9SBg s31Un UuoI3ITUTIQ Toquig

(penuT3uo)) SHANTYA DTYIAWVIVA ANV STOTWAS TIAOW ISOD ATIDXD HATT “61-9 °Tq®EL

6-43



383

T STTIOH
souet /-1 L Aaeuotielas
pougTTdwoy Jo °38OTITIIASD
sodha
2TqBTIBA Ka13uend £3111083F uoT3ioedsur 9]Tqow 10 AaruoTiels IS
pol1BINOTE)D saeTTOQ uotaTsInboe 9318 uoTIvOdsul Vs
Teuuosaad UuOTI
pel'INOTED aesk/§ | -oodsur uoT3EIS ‘syTyounq ‘seofem ‘SOTABTES dIg
1ouuosasd SATIBIIAST
po3BINOTR) aeak/$ -uTWpe UOTIBIS S83TFOUS] ‘go8em ‘SOTIBRTES dvg
006 HT UBTOTUYDD] UOTILIUSMWNISUT
00€ 2T Jo3oadsut oouertTdwoo AITTTIO®]
0z9°L %2910
00€°0T £ael9a0es
000°9T Jo8euBW UTSEBQ JIB TRUOTSSY
06L°LT zo8rurw weisoig
gotaeTes ‘[ woae 3 T9AdT
20CT DTqRTIBA apek /¢ |‘Teunosaad 9ATIBIISTUTWDE jJusweSeuew weiBoiag thm
0z 1893 oT1soudel(g
0¢ 1893 opow A9y
0? 1893 STPL
0z ooueTTdwo) Jo 93BOTITIA)D
STqBTIBA A313uend Ioqunu urew °sodUTRI] 9sIN0d ATeddy dg
ST 1se3 oI3soulei(
ST 1591 opow A9y
sy 1emay o8ury onyep | ONTeBA ©SBY s3TUf UoTITUTIOQ Toquig

(ponuTiuo)d) SANTVA DIVULIWNVIVL ANV STOHWAS

THIOW 1S0D HTDAD HATIT

*6T-9 SI4BL

6-44



384

06 1893 2T3ISould®IQ
06 31593 opoum £
06 1s93 97prl1
06 ooueITdwoy JO 93BOTITIIDY
9T7gBIIRA sKeq SWT] PSMOTIE UWOTIBOTITIASD UOTIBIS 07,
12 3s93 oT3soudeI(
81 1591 opom L9y
1T is91 °Tpl
ST ooueI(dwos JOo 9©3BOTITIADY
9TgeIIep sfeq potaad Suruteal uoTloadsul 15,
9 3893 o13soulel(qg
] 1s91 spow L9y
7 ise1 °1PI
7] aoueTTdwo) JO DIBITITIIASD)
uoTlels
STARTIABA auBT/SanNoH ¥ 9d43 suo £313790 ‘poairnbaa swil uBSK ALz
T STTIOK
souef /-] L AxeuoTiels
1s91 o1asoudeIq -
T 9TTqOoR
souey /-T 1A LxeuoTlBlg
1593 opow A9y
T °TTqOoR
seuey /-1 ! A1BUOTIBIG
1893 =TpPI
SYI1BWDY 93ury onTep anTep 98Bg s3T1un UoTITUTISQ ToquAg
(penuriuo)) SANTVA ITYLINVIAVA ANV STOIWAS THUOW ISOD HATIDAD HAIT °*6I-9 °TqBIL

6-45



3895

*28TAISYI0 ()
o1qom sT [ ®oxe ul T A3TTI0®F JT 1 9TqETIBA UOTIBUMNG wlT,
*oTTqow IT 0
Laeuorlels sT [UOTSTIATP o1ydea8aoe8 ur T LITTIORF IT T °TqeTaiBA UOTIBUWNG mﬁﬁw
* 5o%uByD 10 SUOTITIPPE qusudinbs ATuo YiTs
A1o3eIpoumul 9SN 10J POISITE 39 fea (F1) A3TTIO®BI IT O
uot3oadsut
oTpotaod Ul osn 10J poIRITB 23] Aem yotyum LITTIOR]
SUTISTXD ATIULIaAND B J0U ST (F1) A3171To87 IT 1 92TqeTaBA UOTJEUWUNG mﬁH@
0z SaBIL uojeAND DI0AD OITT x
062z sAeq 1eok I1epUeTED 9UO UT SABpP SUTFIOM M
0Z-9 °14el °°S 33 bs/§ [ uoTsTaTp oTydeaSoss ‘3500 pueT] ﬁoqb
0z-9 °T19®L °°§ 313 bs/g [ goae €3500 UOT3IONIISUOD KITTTOBI hoUD
Touuosaed pIoTF PITI
%0°0 she(q -13190 ‘SUOTIRIS UDOMIR] SWTI ToA®I] UEBSK 1L
polBINOTED saeTtod 1800 UWOTIBUTAIOOPUT pue SuTuTeId TBTITUIL Iz
1ouuosiad
%02 % 6z$ £ep /g PTOTJ POIFTII0D ‘o0oUBMOTTR uoTaelaodsuri], moH
g 318971 DT3souleiI(Q
< 1893 apowm A9y
s 3893 97pP1
C souriTdwo) Jo 93BOTITIASD
STQRTIEA skeq potaed Sututeal atedsy Ay,
$HIBWRY o8ury onTep | ONTBA 9SBY S1TUf uoTITUTIQ Toquig

(ponuTiuo)) SANTVA DTULIAVIVA ANV STOOWAS THAOW IS0D HWTIDAD HALT *6T-9 S19FL

6-46



386

*sToquis pue s3uIpeSy Jo uoljrueldxe UB I0J

6T-9 2TqBL °°g

00°T$
SL°9%
000°¢$
00°%2$

N O = o H O o O - A o~

000°01
A4

05" 1$
6L 9%
000°¢$
00" %%

O 4 O 4 A A O A O = = -

000°0T
Y44

00 T$
6L°9%
000°¢$
00°%Z$

O = O ™= = A O - O = e~ -

000°0T
Gee

00°2$
GL'9%
000°¢$
00°0¢$

O A H o O A O e e A

000°071
Y44

00°2$
SL°9%
000°¢$
00°%Z$

©C H O A M~ A4 O A O - ~ =~

000°01
6ZT

00" 1§
GL'9S
000°¢$
00"%Z$

— O -H o O o O o e

000°0T
672

00°2$
GL°9%
000°%$
00°%Z$

O - O N A = O ~A O & ~H ~

000°6T
6ee

00°2$
00" 1%
000°0T$
00°0€s

L e B = R B T T e B o TR T W

000° 0%
062

05°1$
00°L$
000°#%$
00°'0¢€s

O 2 O & N A O =~ O N 1y

000°ST
00¢

05°28%

05" /$

000°7$
00°Z%$
z

0T

o

— o~ o O N O -~ o

000°0¢
gzs

05°2%
00°L$
000°8$
00°9¢$
r4

¢1

<

O = ~H & 1N N O -~
—

000°0¢
009

fyn
Ayon
o

So

Iodav
Sodav
7odav
€odav
Codav

Topay
Sty

0¥y

AED

DN

308

00N

ads

as

AdS

ACS

va4s

oS

Toquig

1T

01

urseg IIy

NISVE ¥1IV Ad SHNTIVA HSVH TAAOW IS0D HIDAD HATT

*0c-9 919'L

6-47



387

Since costs could vary significantly, depending on the station location, the
California Business and Tramsportation Agency's document on Statewide Prevailing Wage
Rates was used to develop a coefficient which could be applied to the Southen Califor-
nia cost estimate,.

The costs were determined for the one construction method, wood frame, and stucco.
These costs were estimated by industrial engineering personnel to be higher than
metal frame and siding structures and less than precast concrete Or cinder block
construction. Since it was a universally applicable construction method, and since
it provides better imsulation than either of the other techniques, it was used as a
reference base. These costs were then varied *20 percent to provide upper and lower
limits for comstruction costs.

Equipment acquisition (EA) has been separated for mobile and stationary facilities.
They were further divided into inspection equipment (IECMI, IECSI), support equipment
(IECMS, IECSS), and administrative support equipment (IECMAS, IECSAS). In each

case, the first variable name refers to mobile facilities, the second to stationary
ones. These costs were developed by determining the number of equipment of each

type required and their individual unit costs. For the inspection equipment, unit
costs were determined for lots of 100 units. The instruments and equipment selected
for cost analysis were identified in the amalysis in Section 3. Costs were estimated
based on information supplied by the respective manufacturers for similar production
instruments. The average cost of the top ranked instruments was used as a base value
and then varied t20 percent to account for any variation in the final equipment
selection or changes in unit costs. The numbers of each equipment type were deter-
mined in the equipment requirements section of Section 4.

Inspection-support equipment costs (IECMS, IECSS) were estimated from possible equip-
ments needed for adjustment, calibration, and testing of the inspection equipment.

It was assumed that the amount of IECSS in each system category was proportional to
that system's initial inspection equipment costs. IECMS included such items as the
van to transport test personnel and equipment, dynamometer , and power plant, plus

the regular inspection-support equipment.

Administrative support equipment costs (IECMAS, TECSAS) were assigned to the office
equipment and record storage equipment required in the various inmspection stations.
Not included was the record storage and printout equipment which was integral with
the inspection instrument package. Should a typical station require additional
record keeping equipment, such as in the Certificate of Compliance station, it can

be added for relatively nominal cost. The administrative support costs for the
stationary stations included office egquipment items such as desks and chairs, file
cabinets, card files, and chairs for public use. Administrative support equipment
costs for mobile sites were defined 0 since the record files and desks would be built
into the van, and, therefore, assignable to inspection support equipment costs.

Costs were assigned on the basis of prevailing costs for office furniture in Southern
Califormnia.

Equipment installation costs (EIC) were estimated from the number of manhours required
to place, install, and acceptance-test the various equipments. The costs were
assigned to the dynamometer ($500), exhaust analysis, and engine diagnostic equipment
at $50 per unit, and office equipment at $100 per set. Configurations which used
existing buildings included installation cost for the dynamometer pits, inspection
pits, and exhaust recovery system Or necessary changes to the building utilities or
interior. 1In this case, an additional cost increment of $1000 was assigned to the
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necessary interior modifications for each dynamometer installation. Major interior
modification for stations without dynamometers was not required since the installa-
tion would probably be placed in existing garages.

Personnel training (TI) costs depend on several factors, the only one which changes
with the test regime being the number of hours (CHy, Hy) required for classroom and
total training requirements. The personnel qualifications and requirements are de-
fined in paragraph 4.7. The instructors' pay rates (TI) are $300 per week which is
calculated for each regime in terms of total dollars per course. This fee is com-
petitive with existing automotive maintenance and diagnostic work in public and
private schools. It was assumed that classroom space is available in public schools
or the inspection facilities for nominal cost. No training was assigned to repair
personnel; therefore, a single type of training (IT) was offered for each test regime.
The mean class size (Sy) for each test regime was taken as 15 trainees.

Station Qualification and Certification costs included the salary costs of the in-
spectors operating from the regional offices, the cost of their equipment (EEQC),
the time required to inspect the various stations (Tyk), and the time allowed for
certification of all stations (TQC), which was taken as 90 working days for all
regimes. The qualification teams are equipped with the same measurement instruments
as the stations so that they can perform simultaneous measurements with the station
instruments to verify equivalent calibration and operation, The certification teams
can also serve as mobile Certificate of Compliance and Idle inspection stations,
except for the lack of independent power.

6.4.1.2 Operating Costs - The largest operating cost is salaries of station in-
spectors for stationary and mobile sites (SIPS, SIPM), station administrators (SAPS,
SAPM), and program management personnel (AP). Pay rates were not varied among air
basins since wage rates paid by the State were assumed representative of prevailing
wages. Wage rates were varied *20 percent to provide an expected range of pay levels
which might occur because of different job classifications or differences in wage
rates between regions. Wage rates of inspection personnel for stationary and mobile
site personnel (PRS, PRM) were determined by examination of existing garage and
diagnostic center wage rates for mechanics, tuneup man, and diagnosticians. Wage
rates among the inspectors must be commensurate with the prevailing wages for person-
nel with the desired skills. All administrative personnel pay rates (APQCW, NAP,
PRSAP) were determined from the California Personnel Department wage rate books
which show job classifications and pay rates. Administrative personnel were assigned
pay rates prevailing in the Department of Motor Vehicles (clerical and management),
the Air Resource Board (instrumentation technician), and the Highway Patrol (facility
inspectors). During analysis it was assumed that the State would maintain an orderly
program implementation and utilize the same staff for program management (NAP) as
during program implementation and station qualification and certification (APQC).

Stationary and mobile personnel would receive different pay rates. Mobile personnel
are assigned an additional 10 percent hardship bonus to compensate for time away from
the regional office. The mobile team will not have the equivalent of the station
administrator. All administrative functions will be carried out either by the in-
spectors or by the regional office personnel.

Maintenance costs include maintenance for the inspection equipment (Mgy), inspection
support equipment (Mgs), administrative support equipment (Mpg), continuing facility
upkeep, and periodic maintenance.of the facility structure and grounds (Mpy). The
elements which comprise these costs generally were not available from manufacturer
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data. Rudimentary operational experience, an estimate of component costs, and
accepted industrial engineering practice were used to generate estimated percentage
factors which are applied to the appropriate initial investment cost to determine
the respective maintenance costs. These factors were tabulated in Table 6-19,.

Inspection equipment maintenance (Mg7) included technician service time, parts, as
well as calibration gases and other expendable supplies related to the sample system,
analysis, data processing package, and dynamometers.

Inspection support equipment (Mgg) included service time, parts, and expendable sup-
plies related to the inspection support equipments such as exhaust recovery systems
or other support equipments related to test performance. Included in this cost is
the central laboratory at the air basin regional office which provides repair
services, preventive maintenance, and calibration check.

Administrative support equipment maintenance (Mpg) provides maintenance services and
office supply costs to the station administrative services. These costs include
service of office equipment, replacement cost for equipment and necessary office
supplies in the inspection station. Included is upkeep on equipment provided for
the general public.

Facilities maintenance (FM) includes operating costs of the facilities, including
utilities, taxes, profit (if private), cleaning of the plant and grounds, and re-
painting of the structure or any other repairs.

Mean costs of supplies per regional office (Agg) were estimated from the probable
work load and transactions required in the office. The amounts were proportional
to the number of vehicles per air basin. Regional office space costs (Agg) were
determined by real estate operators for the urban regions of each air basin. Both
values are shown in Table 6-20.

6.4.2 Cost Model Variables Dependent on Test Regime

Paragraph 6.4.1 has described the cost model elements which do not vary between test
regimes. This paragraph describes those cost elements which do differ between the
four test regimes, The major cost categories are based on numbers of units which
differ according to the test regime and the station size, and the units costs. The
unit costs were previously described in paragraph 6.4.1. The numbers of units were
described in Section 4. The average costs for these items are shown in Tables 6-21
through 6-25 for each configuration of the stations in each test regime. The costs
for land and facility acquisition are approximate since these unit costs vary between
air basins. Other factors, not previously mentioned quantitatively, were found to
vary with the test regime. Although these other factors are not significant in de-
termining program costs, they are included in the cost model and in the master cost
table, Table 6-19.

6.4.2.1 Certificate of Compliance - The principal program cost factors are the
equipment, facility, land, and personnel costs, as shown in Table 6-21. The
Certificate of Compliance program does not require any R&D effort. The indicated
investment costs for land and facilities are intended for a State owned and operated
system. For the alternative configuration of existing privately owned statioms,
these capital investment costs are eliminated. The equipment cost depends on the
required instruments. The State owned and operated stations include diagnostic and
inexpensive emission measurement instruments. These costs would decrease depending
on the equipment initially possessed by the participating private garages.
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Personnel training costs include 68 hours of lecture and demonstration (CHp) and 48
hours on the job training for a total period of 116 hours (Hy) at full pay (HI).
All inspection personnel in the Certificate of Compliance program receive the same
training course (IT).

The Station Qualification and Certificate costs include the $7,000 for the qualifica-
tion equipment (EEQC), consisting of the emission instruments and supplies, and
vehicle and the Certification personnel. One facility compliance inspector (INS)

is required to spend 4 hours (Ty) with each inspection station inspector to ensure
his competence with the equipment and required procedures. The certification inspec-
tors travel from the regional center of each air basin. Therefore, they are allowed
travel expenses and $25 when away from their home city.

6.4.2.2 1Idle Mode - Table 6-22 shows the major investment and operating costs for
the Idle Mode stations. The principal investment costs are the land, facilities,
and equipment. For existing garages participating in a State licensed program, the
facility and land costs would be deleted. A $10,000 per lane emission test and
recording system was identified during the instrument analysis as desirable in the
State owned and operated system. This system has the ability to provide automatic
dilution calculations and determination of pass/fail vehicle emission certification.
A $200,000 development program is anticipated for this system. This same instrument
package was included in the cost estimate for the privately owned and operated Idle
Mode inspection stations. If the private garages per forming inspections were per-
mitted to install the less expensive engine diagnostic emission analyzers (5 percent
accuracy) the equipment costs would be lower than shown on these tables. This situa-
tion is discussed briefly in paragraph 6.3.5.

The personnel cost for the Idle station is the lowest of those considered because of
the simple nature of the test. The training program is also the shortest. The
inspection personnel are required to take an 87 hour (HI) training course including
59 hours (CHy) of lecture and demonstrations. The trainees are paid full time (HI)
during the training period. Even though two levels (IP) of inspectors are used in
the Idle stations, the single training course (IT) is taken by all station inspec-
tion personnel.

The Station Certification and Qualification costs, which include the equipment com-
plement of the inspectors (EEQC), is now priced at $15,000 dollars including the
sampling, data processing system, gas analyzers, and vehicle. The inspection team
consists of two persons, the Facility Compliance Inspector who determines the
physical ability of the station to process vehicles and certifies the performance and
skill level of the lane inspectors, and an Instrumentation Techmician who verifies
instrument performance and operatiom. These two persons do not necessarily travel
together, since the performance of the personnel may take longer to certify than the
performance of the instruments. The average time to certify a lane (Tk) is again
specified at 4 hours.

6.4.2.3 Key Mode - Table 6-23 shows the major cost categories for the Key Mode
stations. The equipment required by the Key Mode station is valued at $12,000 per
iane for the inspection oriented equipment. Equipment costs are not significantly
higher than for Idle statiomns equipped with the semiautomative data system

previously described. The $200,000 R&D cost, therefore, 1is still required for system
development. Manual methods of processing data and certification records would
probably not be satisfactory for the high throughput State owned and operated stations.
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The facilities for Key Mode required more space than the Idle or Certificate of
Compliance stations. The personnel assignments are similar to the Idle stations;
however, the training program is more involved. A total of 142 hours (Hy) , includ-
ing 74 hours of lecture and demonstration (CHI), are required. The trainees are
paid full time (HI) during the entire training program.

The Station Qualification and Certification costs include the $15,000 certification
equipment (EEQC) consisting of emission measurement, supplies, and vehicle. The
two station certification inspectors described for the Idle stations (INS), and &
hours (Ty) per lane to inspect and certify the inspection lane is still required.

6.4.2.4 Diagnostic Inspection - The principal costs are shown in Table 6-24. The
facility and resulting land requirements are greatest of the four regimes because of
the diagnostic stalls required. A set of engine diagnostic equipment is required at
the dynamometer and at each diagnostic stall. 1In addition, each diagnostic stall
requires the emission measurement instruments for HC and CO. The mobile stations
require only two engine diagnostic systems and one emission measurement instrument
for HC and CO, since the mobile Diagnostic stations were only staffed with two
Technician III diagnosticians.

Each inspector at the diagnostic stations, regardless of skill level, required the
same 174 hour (Hy) course including the 86 hours (CHT) of lecture and demonstrations.

Station Qualification and Certification costs include the certification equipment
(EEQC) valued at $20,000 for the instrument system, engine diagnostic equipment,
supplies and vehicle, and the cost of the certification team. Two inspectors (INS)
are included in the team, the Facility Compliance Inspector and the Instrumentation
Technician. The time required to certify one inspection lane and the associated
diagnostic stalls in 6 hours was due to the larger number of inspection personnel
assigned and the greater sophistication of the inspection process.

6.4.2.5 Constant Volume Sampling - Table 6-25 shows the additional equipment costs
for CVS procedures added to Key Mode stations.

6.5 VEHICLE OWNER'S COST ANALYSIS

The owners of vehicles that fail an emission inspection will be faced with the cost
of repairs to bring the emission level to an acceptable value.

Based on the service performed on 318 of the 523 vehicles tested as of 1 May 1971,
cost averages were obtained for each of the test regimes. The cost was segregated
into categories of parts (not including sales taxes), and labor. In addition to
the cost average for all service performed on a set of vehicles, the average was
calculated for costs resulting from performance of first service only. Since many
cars were dispatched for service more than once, it was useful to determine the
cost of additional service beyond the first service, and this cost will be used in

Section 8 in the determination of cost effectiveness of service to the vehicle
owner.

A summary and comparison of vehicle owner costs by test regimes will be presented in
paragraph 6.5.5. Of general interest are the averages for all 318 vehicles services
(the serviced fleet). Tables 6-26 and 6-27 present these averages for the set of
all vehicles and the controlled and uncontrolled subsets.
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Table 6-26. FLEET SERVICE COST AVERAGES (PARTS AND LABOR)

IN DOLLARS
After All After First Cost of Additional
Service Service Service
Vehicle Group Parts Labor Parts Labor Parts Labor
Controlled (126) 7.83 11.59 6.006 9.76 1.77 1.82
Uncontrolled (186) 11.01 19.45 8.75 14,59 2.26 4,86
All Vehicles (312) 9.73 16.27 7.66 12.64 2.06 3.63

Table 6-27. FLEET SERVICE COST AVERAGES (TOTALS)

IN DOLLARS
After All After First Cost of Additional
Vehicle Group Service Service Service
Controlled (126) 19.42 15.82 3.60
Uncontrolled (186) 30.46 23.18 7.28
All Vehicles (312) 26.00 20.21 5.79

6.5.1 Certificate of Compliance Repair Costs

The cost of the Certificate of Compliance gervice to the car owner represents, fox
controlled cars, the present rate of cost for this test throughout the state. The
cost of the inspection is in most cases indistinguishable from the adjustment per-
formed. The cost for performance of the Certificate of Compliance inspection is
higher than normal for uncontrolled cars because of modifications imposed on the
inspection by the current study. The modification required that uncontrolled cars be
subjected to essentially the same test and adjustments as controlled cars.

By design, there were no pass/fail limits; all cars were sent to Official Motor
Vehicle Pollution Control Stations for certification. The costs incurred for this
certification did not vary significantly from the controlled set to the uncontrolled
set, or from first service to all service as shown in Table 6-28.

Based on the vehicles serviced, the vehicle owner would expect to pay, on the average,
$8.92 for the Certificate of Compliance on controlled vehicles, and $7.73 for the
modified Certificate of Compliance for uncontrolled vehicles, or a composite average
of $8.31.

6.5.2 Idle Test Repair Cost

The ground rules for repairs to cars in the Idie test regime were to simply per-
form any repairs necessary to bring the CO and HC for the car being tested within
prescribed limits. A set of adjustments was first performed in an attempt to lower
the emission levels. When these adjustments were found to be insufficient,
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Table 6-28. AVERAGE CERTIFICATE OF COMPLIANCE COSTS
IN DOLLARS
Controlled Uncontrolled All Vehicles
Service Phase (61) (64) (125)
After All Service
Parts 1,30 1.09 1.19
Labor 7.62 6.64 7.12
Total 8.92 7.73 8.31
After First Service
Parts 1.07 1.06 1.06
Labor 7.10 6.56 6.82
Total 8.17 7.62 7.88

additional appropriate repairs were authorized. 1In actuality, the garages had
essentially a free license to make any repairs they deemed necessary. If repair costs
would exceed $75 for a given vehicle, the repair men were required to contact study
personnel for permission to proceed. A summary of the average costs for Idle test

is given in Table 6-29,.

Table 6-29. AVERAGE IDLE TEST REPAIR COSTS
IN DOLLARS
Controlled Uncontrolled All Vehicles
Service Phase (24) 31) (55)
After All Service
Parts 15.96 12.63 14.08
Labor 17.92 26.83 22.94
Total 33.88 39.46 37.02
After First Service
Parts 11.95 10.37 11.06
Labor 13,66 18.05 16.13
Total 25.61 28.42 27.19

6~59




199

The higher labor cost for uncontrolled vehicles represents additional diagnosis to
locate the source of failure and the fact that four valve jobs were performed versus
one valve job for the controlled vehicle group. The valve jobs represent a high
labor cost. Not readily apparent is the higher parts incurred by the controlled
vehicle set. Two of the 24 controlled cars serviced accounted for $164.47 in parts,
including a new carburetor and an air injection reactor pump.

A significant increase in average cost was incurred when vehicles failed the emis-
sion retest and were returned to the garage for additional service. Two returned
uncontrolled vehicles and one returned controlled vehicle subsequently received
valve jobs, and a large number of vehicles received carburetor overhauls and major
ignition tuneups.

As a result of the Idle test group of vehicles services, the car owner would expect
to be faced with a range of repair cost averages of $27.19 (the first service cost)

to $37.02, if additional service were, in fact, warranted.

6.5.3 Key Mode Test Repair Cost

The repairs performed on cars exceeding the passing Key Mode emission test limits
were to follow the procedures presented in the Clayton Manufacturing Company's Key
Mode Truth Chart Manual. All participating garages were briefed on how to interpret
these truth charts and were given copies of the manual. Each car dispatched for ser-
vice was accompanied by a Key Mode "report card' stating the emission test results
with rejected modes indicated.

In spite of this guidance, some garages chose to do more work than was warranted,
while a very few did less work than was necessary. Four of the 22 controlled vehi-
cles were returned for additional service while 14 of 42 uncontrolled vehicles were
returned. Only one uncontrolled vehicle was found to be in need of a valve job.
Nearly all returns were due to carburetor malfunctions, some requiring overhauls,
and some with additional adjusting requirements.

The additional service accounted for a 13.6 percent increase in cost for the group
as a whole. The average cost of repairs resulting from one service was $24.86.
Additional service brought this average up to $28.24. These costs are shown in
Table 6-30.

6.5.4 Diagnostic Test Repair Cost

Section 5 indicated that the vehicles obtaining service under the Diagnostic test
regime as of 1 May 1971 comprised the 'cleanest" group of controlled cars and the
"dirtiest" group of uncontrolled cars. The costs necessary to bring the cars down
to an acceptable value bear this out in an unusual sense (Table 6-31). The un-
controlled group needed much repair including five valve jobs and four carburetor
replacements. The controlled group, on the other hand, had problems that were very
difficult to identify and that led to trial and error repairs not necessarily needed
to lower the emission level. It was found that repair instructions following de-
tailed diagnosis included replacement of marginal parts that were not considered bad
enough to elevate the emission level,

With all service performed, the average cost to the vehicle owner would have been
$47.48. The average cost after only one service was considerably lower at $33.29.
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Table 6-30. AVERAGE KEY MODE TEST REPAIR COSTS

IN DOLLARS
Controlled Uncontrolled All Vehicles
Service Phase (22) (42) (64)

After All Service

Parts 10.98 10,54 10.69

Labor 14,86 18,96 17.55

Total 25.84 29.50 28.24
After First Service

Parts 9.03 9.65 9.44

Labor 12,51 16.95 15.42

Total . 21.54 26.60 24,86

Table 6-31. AVERAGE DIAGNOSTIC TEST REPAIR COSTS

IN DOLLARS
Controlled Uncontrolled All Vehicles
Service Phase (19) (49) (68)

After All Service

Parts 14.87 23.34 20.97

Labor 12.54 31.93 26,51

Total 27.41 55.27 47 .48
After First Service

Parts 11.20 17.02 15.39

Labor 10,26 20,86 17.90

Total 21.46 37.89 33.29

6.5.5 Comparison of Vehicle Owner Cost by Test Regime

The preceding paragraphs have presented the average repair costs for each of the
four test regimes. A comparison of these costs will be discussed here.

A tabular presentation of the parts and labor costs is given in Table 6-32 with the
totals given in Table 6-33, The order by increasing cost, considering all vehicles
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in each test regime, is Certificate of Compliance ($8.31), Key Mode (5$28.24), Idle
($37.02), and Diagnostic ($47.48). Although the magnitudes drop considerably when
only first service is considered, the order is not changed.

Table 6-32. AVERAGE SERVICE COST BY TEST REGIME (PARTS AND LABOR)

IN DOLLARS
Cost of
After All After First Additional

Vehicle Group Service Sexrvice Service

Test Regimes Parts Labor Parts Labor Parts Labor
CONTROLLED

C of C ( 61) 1.30 7.62 1,07 7.10 0.23 0.52

Idle ( 24) 15.96 17.92 11.95 13.66 4,01 4,26

Key Mode (22) 10.98 14,86 9.03 12,51 1.95 2.35

Diagnostic ( 19) 14,87 12.54 11.20 10.26 3.67 2.28
UNCONTROLLED

C of C ( 64) 1.09 6.64 1.06 6.56 0.03 0.08

Idle ( 31) 12.63 26.83 10.37 18,05 2.26 8.78

Key Mode ( 42) 10.54 18.96 9.65 16.95 0.89 2.01

Diagnostic ( 49) 23.34 31.93 17.02 20.86 6.32 11.06
ALL VEHICLES

C of C (125) 1.19 7.12 1.06 6.82 0.03 0.30

Idle ( 55) 14.08 22.94 11.06 16.13 3.02 6.81

Key Mode ( 64) 10.69 17.55 9.44 15.42 1.25 2.13

Diagnostic ( 68) 20.97 26.51 15.39 17.90 5.58 8.60

The subset of uncontrolled cars showed the same ordering as the total set in each
test regime but with a much higher dispersion in the case of Diagnostic. The com-
parison of first service to all service in the cases of Idle and Diagnostic shows
the large average increase due to valve jobs and replacement of carburetors.

The controlled vehicle group did show a reordering in average costs for all service
with Idle and Diagnostic changing places, Idle becoming highest in cost because of
one valve job. Considering first service only, the order becomes Certificate of
Compliance, Diagnostic, Key Mode, and Idle with no significant difference between
Diagnostic and Key Mode.

Figures 6-12 through 6-15 show the distribution of service costs in $10 range incre-
ments to $50, $25 ranges to $100, and those above $100 after first service (A) and
after all service (B). The dashed envelope through the peaks is for visual aid only
and does not represent a continuous function.
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Table 6-33., AVERAGE SERVICE COST BY TEST REGIME (TOTALS)

IN DOLLARS
Vehicle Group Cost of
Test Regimes After All Service| After First Service | Additional Service
CONTROLLED
C of C ( 61) 8.92 8.16 0.76
Idle ( 24) 33.88 25.62 ] 8.26
Key Mode ( 22) 25.84 21.54 4,30
Diagnostic ( 19) 27.41 21.46 5.95
UNCONTROLLED
C of C ( 64) 7.73 7.61 0.12
Idle {315 39.46 28.41 11.04
Key Mode ( 42) 29,50 26,60 2.90
Diagnostic ( 49) 55.27 37.89 17.38
ALL VEHICLES
C of C (125) 8.31 7.88 0.43
Idle ( 55) 37.02 27.19 9.83
Key Mode ( 64) 28.24 24,86 3.38
Diagnostic ( 68) 47 .48 33.29 14,18

Certificate of Compliance shows no significant shift in the cost distribution from
first to all service. One carburetor overhaul was necessary as a second service in
an attempt to obtain certification. The Idle cost distributions show a shift from
the $10 range to $100+ range and are, in fact, valve jobs and major engine repairs
performed after an initial attempt to adjust the emission level downward. The shift
in distribution in the Key Mode test regime from the low ranges to the mid-ranges
generally represents a shift from carburetor adjustments to carburetor overhaul. The
one increase to $100 was the addition of a carburetor overhaul to a complete igni-
tion tuneup. The Diagnostic distributions represent not only a shift to valve jobs
from both low and mid-ranges but, with the addition of major tuneups in place of
minor tuneups, for a general cost shift upward.
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6.6 COST MODEL MATHEMATICAL STRUCTURE

This section presents the mathematical relations employed in the Life-Cycle Program
Cost analysis model described in paragraph 6.2,

6.6.1 Acquisition and Investments Submodel

In the following paragraphs, the mathematical relationships developed to quantify
and manipulate the Investment Cost elements identified are presented

a. Site Acquisition Costs

N T8

sa = Y, 2, Aij ULCj €ijs Oije
j=1 i=1

where:

Ng = Number of district geographic divisions within the State
selected for implementation (the State's eleven Air Basins
were used as the geographic units of analysis throughout
the model)

Nsj = Number of stations in geographic division j
Ajj = Area of inspection site i in geographic division j
ULCj = Mean cost of unit area of appropriately zoned land in geo-
graphic division j, in dollars
€ijs = Summation variable defined as follows:
= 1 if inspection facility i in geographic division
i is stationar
€555 j is stationary
= (0 if facility i in division j is mobile
6ije = Summation variable defined as follows:

1 if facility (ij) is not a currently existing
facility which may be altered for use 1in periodic

5+ - vehicle inspection
ije

0 if site (ij) exists and may be altered for use
or used immediately with only equipment additions.

b. Facility Construction Costs

Ng st
FC = Y. D, AFjj UCCy €545 0ije
=1 i=1
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where:
AFi3 = The area of facility (ij)
UCC; = Unit area construction cost in area j, in dollars

c. Equipment Acquisition and Installation Costs

Ng NSj ST
EA = > > IECSi jk €ijs %ije +IECMj ik €ijm
j=1 i=1 k=l
EI = S, EIC; ik €ijs
j=1 i=1 k=1
where:
ST = Number of stationary or mobile inspection facility types
IECSijk = Initial cost of equipment for stationary facility i in
area j that is of type k in dollars
IECMijk = Initial cost of equipment for mobile facility i in area j
of type k, in dollars
€im = Summation variable defined as follows:
= 1 if facility i in area j is mobile
€i im
= 0 otherwise
EICi sk = The cost of installing equipment in station i, area j,

that is of type k.

These equipment~related costs are composed of subordinate elements as

follows:
where:

Initial cost of inspection equipment for station-
ary or mobile facility (ijk) respectively, in
dollars

IECST; ji, IECMI; g

IECSS; jk» LECMS; j

Initial cost of inspection-support equipment for
stationary or mobile facility (ijk) respectively,
in dollars

IECASijk, IECAMijk = 1Initial cost of station-administrative support

equipment for stationary or mobile facility (ijk)
respectively, in dollars. -
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d. 1Initial Personnel Training and Indoctrination

TI

where:

CI1

CIR

1IC

RIC

The analysis indicates these categories may again be furt

CTI + CIR + IIC + RIC

Inspection-facility personnel salaries paid during training,
in dollars

Repair personnel salaries paid during training, in dollars
Inspection instruction materials, in dollars

Repair instruction materials, in dollars

her resolved into

constituent elements:

CTL

CIR

where:

NTI, NIR

IPTy 5k
HI 51
CHIy

RPT jk

HRjk

Ng ‘Nsj NII

;;i ;;i égi g gk St
j=l i= =

N, Nsy NIR

5 E L maomem

Number of types of personnel receiving inspection or repair
respectively

Number of geographical divisions
Number of stations in geographical division j

Number of type-k individuals receiving inspection training
for station 1 in area j

Hourly wage rate, including fringe benefits, of inspection
station employee type-k in geographic area j, in dollars

Number of total hours per trainee of type-k spent in class-
room situation

Number of individuals of type-k receiving repair-oriented
instruction

Hourly wage rate, including fringe benefits, of repair per-
sonnel of type-k receiving repair-oriented training, in

dollars

Total number of hours spent in classroom situation by type-k
repair trainee
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ICC and RIC involve instructors and classroom facilities, as well as
demonstration equipment. Assume sufficient space exists to conduct train-
ing programs in completed but as yet nonoperational inspection facilities.
In densely populated areas, much more efficient use of instructors may be
made, since trainees for several surrounding stations could receive in-
struction simultaneously.

IGC and RIC each consist of instructor's salaries and classroom facilities.
If inspection stations are used as classrooms, the cost of classrooms is
limited to simple maintenance and utilities used during the sessions.

These costs are assumed to be negligible.

The number of instructors required is given by:

N NSj IT

ﬁi >, 2. IPTig

Inspection _ 3=l 1i=1 k=1
Ny =
Instructors CI
Ny Nsj 1IT
- 2. RPTj g
Repair y, _ j=1 i=1 k=1
Instructors C
R
where:
IT = The number of different training types
Ci» Cg = Number of courses one instructor can administer con-

currently (Cy = inspection, Cy = repair)

RPTijk, IPTj jx, and CHRk are as previously defined.
If each of these instructors receives a fee per course taught of IR and II,
including fringe benefits, for repair and inspection instructors respec-
tively, training and indoctrination costs may be expressed as follows:

TI = CII + CIR + II x NyCy + IR x NyCg.

Station Qualification and Certification Costs

The previously undefined variables utilized in this and subsequent dis-
cussions are identified as follows:

NgT = Number of certification teams required (total program)
N = Number of inspectors required per team
NCTj = Number of inspection teams required in area j
TIk = Mean time required to inspect 1 k-typ; station (working days)
IT = Mean travel time allowed between stations (working days)
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1Qqc = Total allowed time for certification of stations (working days)

EEQC = Cost of one complement of test equipment to certify inspection
equipment, in dellars

APQC, = Number of program administrative personnel of type-k required
for qualification and certification

APQCij = Daily wage rate, including fringe benefits, or certification
administrative personnel of type-k in area j, in dollars

QCWj = Daily wage rate, including fringe benefits, or certification
field personnel in area j, in dollars

TCj = Daily transportation allowance for certification field per-
sonnel in area j, in dollars

083 = Annual cost of office space per unit area in area j, in dollars
AAOj = Area of office required in area j, in square feet
AT = Number of different types of program administrative personnel
W = Number of working days in one year
OMj = TInvestment cost in office machines and supplies per adminis-

trative office in area j, in dollars

Nj = Number of administrative offices in area j

@y Next larger integer value of @

Considering first the field cost of inspection-station certification per-
sonnel, the number of certification teams composed of one or more indi-
viduals required to certify the complement of inspection an/or repair
centers may be expressed as follows:

(T, + TT) €4
N = 2: k ijs
CT 5 s |icl k=1

j=1 TQC

INT

Note that the calculation of inspection teams excludes mobile sites from
consideration. It is assumed that for mobile sites (if any are required),
either operating personnel will be capable of certifying them, or one team
will certify them prior to program commencement when they would be dis-
patched to their assigned areas.

The cost of these inspection teams may be represented as follows:
Ng

Zl NCTj NTQC(QCWJ + ch) + NCTj EEQC
J=
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Substituting into the previously described expression for field costs,

Fie
Costs = 5—* > (T, + TT) €536 NTQC(QCW; + TCj) + EEQC
P i=1 k=1
3=1 TQC

INT

Administrative costs of certification are simply the salaries of program
administrative personnel and costs of office operations during the certi-
fication period. It is assumed that this same personnel staff will be
required for certification as well as for the administration of the pro-
gram throughout its life cycle. Administrative costs of certification are
represented as follows:

Adminis- Ng  Nj AT
trative = 3 Z (AAoj Os, TQC/W) + OMj + Z_ APQCW 5 APQC x TQC
Costs j=1 i=l k=1

The summation of the individual cost constituents will provide the total
required acquisition and investment costs for a given test regime.

N Ns ST ‘
Ciyv = PB + f: Z (Afj ULCy + AF j ucey + Z IECS; jk) €ijs 5ije
=l i=1 k=1
ST
+ 2 (IECMj jk €ijm * EICijk €ijs)
k=1
IT IT
II IPT4. IR RPT;
4 k=1 + k=1
St SR
N, |N8j SXT: : ]
Tr, + TT) € .
+ 2 : 12;'1 = Ty ) €js NIQC (QCW§ + TCj) + EEQC
J=1 TQC .

INT

N N AT }
+ (Aa0; Og; TQC/W) + oMy + > APQCW 5 APQC x TQC

Z . k=1

=t i=

J
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6.6.2 Operations and Maintenance Submodel

In the following paragraphs, the mathematical cost relationships are developed for
each of the cost elements discussed above.

a. Facility Personnel Salaries

Inspection Personnel

Ng st IPij
s;ip = 20 % TP 51 PRS g HSijk €ijs Oije
j=1 i=1 k=1

+ IPjjk PRMji HMjijk €ijm 9ije

where:
IPiy = Number of inspection personnel types required for inspection
facility (ij)
IPijk = Number of inspection personnel of type-k required by facil-
ity (13)
PRSjk = The hourly rate of pay including fringe benefits for each
or inspector of type-k at stationary or mobile facility, re-
PRMjk spectively, in area j, in dollars
Hsijk = Number of hours worked annually by an inspector of type-k
or at stationary or mobile facility (ij), respectively
M 5k

Station Administrative Personnel

The expression for these costs closely parallels that of inspection per-
sonnel. Allowance is made for varying categories of personnel performing
administrative functions.

N Ns 3 ISAPiJ

o
j=1 i=1 k=1
+ ISAPijk PR.MAij H:Mijk €ijm (Sije
where:
ISAP; 4 = Number of types of inspection station administrative personnel
required for station (ij)
ISAPijk = Number of station administrative personnel of type k required

at station site (ij)
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PRMAij = Hourly wage rage including fringe benefits of mobile facility
administrator of type-k in area j, in dollars

PRSAij = Hourly wage rate including fringe benefits for stationary-site
administrative personnel of type-k, in area j, in dollars

Hsijk = Hours worked annually by station administrative personnel of
and type-k in stationary and mobile sites, respectively.

HM; 5k

Equipment Maintenance Costs

Maintenance equipment costs directly attributable to inspection equipment
involve the actual service time of a given equipment, and the individual
parts, modules, or equipments replaced. It is assumed that individuals
other than inspection-station personnel will usually be required to perform
corrective maintenance on equipments. The annual direct cost of equipment
maintenance expressed in dollars is given by:

Ng Nsj ET Ny
1
Mg = > 2. MACM; NEjj + MW MITRy NEj) x MIBFy,
j=1 i=1 k=1 L=l
+ NSk, SPkL
where:
Ny, = Number of types of line-replaceable spares for equipment of
type-k
MACM, = Mean cost of annual maintenance of one type-k equipment, in
dollars (includes cost of spares)
NE;x = Number of equipments of type-k in station i
ijk = Hourly wage, including fringe benefits, of maintenance person-
nel of equipment type-k in area j, in dollars
MITR, = Mean time to repair a type-k equipment, in hours
MIBF, = Mean time between failures of type-k equipment, in years
NSy, = Number of type-L spares for type-k equipment ordered annually
SPyj, = Cost per type-L spare for type-k equipment, in collars

In the instrumentation survey conducted earlier in the study phase, main-
tenance support information was solicited from equipment suppliers. Rarely
was this type of data provided. Reliability and maintainability data are
apparently nonexistent for this type of instruments. Perhaps these sup-
pliers are unaccustomed to purchasers desiring such data and consequently
have not instituted programs to derive and demonstrate these information
factors that are essential to quantifying and establishing logistics
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support. In view of the data deficiencics, it is necessary to determine

maintenance costs on a cost-estimating relationship. That is, for prime

equipments directly related to emission inspection, a fixed percentage of
the applicable investment cost would be allocated or assessed for annual

operation cost.

Inspection-Support Equipments and Supplies Cost

Ng Ns; ET  NET
Mgs = 2. 2, 2 2. Na O8Qq
j=1 i=l k=1 L=1
where:
Nip, = Number of support-equipment clements of type-L for support
equipment or prime equipment of type-k required annually.
CSQgy, = Cost of one such unit, in doliars

Other variables are previously defined.

Administrative Support Equipments and Supplies Cost

These maintenance costs involve office equipment and clerical supplies re-
placed and will be evaluated at a fixed percentage of initial investment
cost.

Facility Maintenance

This category includes items such as utilities, taxes, and building and
grounds maintenance. These items are calculated separately, or in the case
of taxes and building maintenance, a given percentage of investment cost

is determined from historical data of similarly operated facilities.

Program Management and Administration

Administrative Personnel - This category involves executive and manage-
ment, station monitoring, and clerical support personnel. A model of
these costs may be formulated as follows:

Ng Nj
AP = o Napjk Sajk
where:
Nj = Number of administrative levels in area j
Napjk = Number of administrative personnel of level k in area j
Sajk = Annual salary, including fringe benefits, of administrative

personnel of level k in area j, in dollars
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This abstract statement of administrative personnel costs allows maximum
flexibility in structuring the administration of any of the diverse test
regimes, and at the same time provides a complete accounting of costs. It
includes periodic monitoring of inspection/repair facilities as well as
clerical tasks.

Office Space and Supplies - These costs are the annual costs of operating
administrative offices of determined size and number and follow closely the
pattern established during the certification phase. It is assumed that

similar costs incurred during certification will be incurred throughout the
life cycle of the program. They are expressed by the following formulation:

N

U]

J
Apst Agg = 2. (Ao, Osp) + Ags;
j:l :
where:
AESj = Mean cost of supplies annually per administrative office in
area j.

All other variables are as previously defined.

The summation of the individual operating and maintenance cost elements
will provide the total test regime program operations costs, as shown below.

Ng NSj IP;
v -
opp = ». 9, Kel 2: (IPle PRS 5 1543k €ijs 0i je
=1 i=1 k=1
+ TPy g PRMy HMj gk €5 5m Oije)
LSAP;
+ g{i ISAP; 5k PRSAP . HSijk €ijs Ofje

+ ISAPj g PRMAP ;i HMijk ijm 01 je

ET [ Nk
+ 20 | 20 MAGM NE; ¥ MAp MITRy NE, MT;F
k=1 \ L=1 k
NET Ng Nj
*Nep, SPyp, + 20 N OSQup)|+ Re® 3D X0 Nap i Saji
L=1 i=1 k=1
+ Apo. Og. + Agg.
204 Osy + Ags;
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The total life cycle cost of the test regime for a given operational dura-
tion will be the summation of the research and development, acquisition
and investment, and operation and maintenance costs categories as shown
below.

Y

Ng Ns
LCC = z : Crp *+ PB + }: §: (A1 ULC; + AF; 4 TCC;
n=1

+ 3 TECSi i) Cijs Oije * 2. | (TECMjji Cfjm + EICijik €ijs)
= <=1 )

+ (IPle HIjk CHIk + RPTik HRJk CHRk)

IT 1T
11 Y, IPT4 IR 2, RPT;
b k=1 —!
Sy SR
< l\i‘% % (Tg, + IT) €
+ I O .+ s + F
E 2 Tk NTQC(QCW j + TCj) + EEQC
=1 TqC INT
Ng N
5 j AT
+ E (AAOj O ; TQC/W) + OMj + ) APQCWj APQC, x TQC
~ - k=1
i=1 i=1
Ng st IPij
+ Kol Z (IPle PRSJk HSle GijS (Sije
. . k=1
j=1 i=1
+ IPj g PRMjp IMj i €ijm %ije
ISAPi'
+ ggi TSAP; i PRSAP i HSijk €ijs Oije

+ TSAP; g PRMAP ;0 HM; jic € jp i je
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ET / Ny 1
+ z Z MACM, NEjp + ijk MITTR) m
k=1\ L=1 <

NgT
* NSy, SPp Zl Nk1, CSQkLJ
l:

Ng N
J: <= -

A computer program was written to facilitate utilization of the foregoing model.
An IBM System 360, Model 65 digital computer was used to perform all cost calcula-
tions whose results are presented for each regime beginning with paragraph 6.3.2,
Costs are calculated by air basin and are segregated according to investment and
operating cost per air basin. A discussion of research and development costs is
presented in Section 10, Volume 11, of this report.
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SECTION 7
PUBLIC OPINION SURVEY

The purpose of this survey conducted by Opinion Research of California was to
measure opinions of vehicle owners concerning a motor vehicle emission inspection
program. A multistaged, modified probability sample design was utilized to select
1000 owners of private passenger automobiles registered in the State of California.
The sample design called for stratification of the State into major population areas,
with a systematic selection of 100 primary sample clusters which were each factored
into 10 subclusters. " Ultimate sampling units consisted of eight vehicle owners,

one of whom was randomly selected as the original interviewee. The remaining names
were randomly substituted if the original interview could not be completed,

The interviewing was conducted by telephone, and two call-backs were made, for a
total of three calls, before substitutions were introduced. In those sampling units
where no interview could be completed by telephone, the selected respondent was
interviewed in person at his place of residence.

A total of 2506 calls were made to complete the 1000 sample. Sixty-two in-home
interviews were necessary to meet sample design requirements, Sixty-six percent of
the completed sample were original interviewees, while 34 percent were substitutes.

The interviewing was conducted from 13 March 1971 through 22 March 1971. Addition-
ally, an investigation of attitudes among a selected group of 50 leaders in Califor-
nia about a vehicle emission inspection program was made by Opinion Research of
California. These 50 select individuals are associated with various business,
industrial, legal, governmental, news media, employee and public organizations.
These individuals were interviewed in person during the period from 26 April 1971

to 30 April 1971.

7.1 METHODOLOGY

Mindful of the purpose of the study and anticipated application of the data obtained,
this study was designed to provide a high level of precision and confidence as well
as develop in-depth data. The statistical validity (precision and confidence) of
all survey results are primarily dependent on the size and design of the sample.

In survey research the size of the sample necessary to yield significant results

not only relates directly to the number of units (persoms) in the universe, but

also with the absolute number of cases in the sample. An optimum sample in a survey
is one which fulfills the requirements of efficiency, representativeness, reliabil-
ity and flexibility. The sample should be large enough to avoid intolerable sample
error, and small enough to avoid unnecessary expense. It should be large enough,
however, to achieve required precision, but not a needlessly high precision.

Applying the above criteria, the survey utilized a sample that yielded a 95 percent
degree of certainty and a *4 percent precision or permissible error. These sample
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requirements indicate a sample size of 1000 cases distributed throughout the State
of California. The statistically selected sample provided for a representative
cross-section of California registered vehicle ownexs.

In addition to the general investigation of motorists' attitudes, the opinions of
special interest groups and/or leaders who may have a direct impact upon the over-
all acceptance or rejection of the program were assessed. Fifty such individuals
are included in this select group (i.e., media representatives, legislative advo-
cates, and automobile associations).

7.2 SUMMARY OF FINDINGS

7.2.1 Objectives

The primary objectives of the public opinion survey were to ascertain the California
motoring public's acceptance of a mandatory vehicle emission inspection and mainte-
nance program. Investigation of public attitudes included the following broad
subject areas: '

a. The advantages/disadvantages of a vehicle emission inspections and mainte-
nance program

b. The convenience/inconvenience factors, including location of inspection
centers, frequency of inspection, time allocation for inspection

c. The desirable/undesirable aspects of corrective maintenance as it relates
to personal convenience, reduction of vehicle emissions, vehicle safety

and operation

d. The acceptance/rejection of cost factors relating to both inspection and
corrective maintenance

e. The approval/disapproval of public and/or private operation of the inspec-
tion program

£. The acceptance/rejection of punitive measures for nonconformity to the
program,

7.2.2 Questionnaire

Opinion Research of California reviewed related research and literature preliminary
to drafting the questionnaire document. Questionnaire conferences were held with
representatives of the Air Resources Board and Northrop Corporation to assure maxi-
mum data acquisition. The questionnaire was pretested and revised accordingly. A
copy of the questionnaire is provided in appendix K.

7.2.3 Results

More than three-fourths of the automobile owners and four out of five of the leaders
interviewed in the study name the automobile as the major contributor to air pollu-
tion in California at this time. Approximately four out of ten owners interviewed
have only one car in the family, an almost equal number have two cars, while the
remainder have more than two cars. These vehicles virtually run the gamut of makes
and models, with Chevrolet and Ford being the front runners. According to the
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survey, automobile owners have little knowledge about the type of emission tests
made on their vehicle, although more than three-fourths of them maintain they have
had the pollution control device in the automobile inspected.

Slightly more than half of the survey respondents maintain they have had their
vehicle checked at some time or another by the California Highway Patrol at one of
their side-of-the-road safety inspection points. Overall, the safety inspection
program is viewed positively by the majority of those interviewed with less than
one-fourth of the respondents offering negative comments about the inconvenience or
ineffectiveness of the program,.

More than half of the leaders also view the program favorably. However, one out of
five of these individuals maintain the program should be expanded to detect more
defective automobiles, and eight of the leaders maintain the program is not as
effective as it should be primarily because it is "hit and miss."

The survey results indicate that three-fourths of the car owners believe a mandatory
vehicle emission inspection program for all vehicles in the State is necessary, while
just over half of the leaders agree that such a mandatory program is necessary.

The primary advantages of a mandatory vehicle emission inspection program in the

car owner's opinion is that it will reduce air pollution, force people to repair
their cars, and detect defective automobiles. The leaders also view the advantages
of the program as reducing pollution and detecting defective automobiles. Addition-
ally, the leaders believe the program would check the effectiveness of the emission
control devices and encourage more technological advances in the area.

The major disadvantages of such a program are the expense and inconvenience, accord-
ing to the vehicle owner. The leaders see these as disadvantages in addition to the
problems of administering a statewide program.

More than half of the car owners believe the inspection program should be conducted
by the State of California rather than private garages or service stations licensed
by the State, whereas, the reverse is true of the leaders; more than half of these
individuals believe the inspections should be conducted by private facilities.

Among the vehicle owners who believe the inspection should be made by the State of
California, the main reason is they do not have trust in the private garages and
service stations. The main reason the private garage is selected by those who do so
is because of the convenience factor,

The leaders who believe the inspections should be conducted by the State are like-
wise concerned about potential abuses and dishonesty of the private garages, but the
main reason for selecting the private garage or station is because of the cost to
the State to develop and run the inspection centers.,

More than three-fourths of the automobile owners believe that motor vehicles should
be checked at least once a year for emissions; three-fifths of the leaders concur
with this frequency. Consistent with other results in the Survey, the vast majority
of vehicle owners (82 percent) would favor a mandatory vehicle emission inspection
program in California. Three out of five of the leaders would also favor such a
program,
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The principal reason for the respondent's favoring the program is that it will
reduce air pollution, and the primary reason for opposing the program is the cost.
The majority of the automobile owners interviewed would continue to favor the pro-
gram if the inspection took 30 minutes or less, if the inspection fee were $1.00
or less, if they had to drive 10 miles or less to an inspection center, and if the
average repair costs were $10.00 or less. When the time limit, driving distance
and costs exceed those described above, a majority of the respondents would oppose
the mandatory vehicle inspection program.

Just over half of the owners interviewed and just less than half of the leaders
believe 15 days is a sufficient length of time to repair a car if it does not pass
the vehicle emission inspection. Among those who believe 15 days is not a sufficient
length of time, the majority maintain 30 days is the minimum number necessary to

have a deficient car repaired.

A significant division of opinion exists among both vehicle owners and leaders on

the question of enforcement provisions in the inspection program. Forty-seven per-
cent of the owners approve and an equal number disapprove of an enforcement provision
which would require the owner to repair his vehicle within a specified time limit ox
surrender his license plates and registration papers. Nineteen of the leaders
approve, and 23 disapprove of the same proposal; the remainder are undecided on the
issue. Amont those who disapprove, approximately half believe there should be some
fine imposed, but there is no concensus as to the amount of the fine.

A final question asked of the vehicle owners was, '"Now that you know more about the
mandatory vehicle emissions inspection program, in general, do you approve or dis-
approve of spending the necessary time and money to reduce vehicle emissions and
lessen air pollution in California?" Eighty-six percent of all respondents maintain
they would approve of such expenditures of time and money.
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SECTION 8
PROGRAM COST-EFFECTIVENESS

This section combines the results of the effectivenss and cost analyses to perform
a cost-effectivenss evaluation and comparison of the alternatives. The advantages
of State and private industry participation in such a program also are considered.
Results of the total analyses lead to a recommended program implementation.

The section begins with the definition and development of a cost-effectiveness (CE)
measure. Combining the results of the effectiveness and cost analyses discussed in
previous sections, program CE indices are derived for each test regime. These
quantitative measures are then used to evaluate and compare the alternatives.

Recognizing that many important considerations cannot be objectively measured or
quantified, a qualitative analysis is performed which considers factors such as
growth potential, effects of future emissions regulations, and the impact of
future technology.

Results of the public opinion surveys also are considered. These will include
findings as noted by the statewide survey, and those from the vehicle testing

phase. Consideration of the opinions of the vehicle owners prior to the formulation
of an implementation program will result in an acceptable program for the majority
of the populace.

8.1 MEASURES OF COST EFFECTIVENESS

Simply stated, a CE analysis attempts to identify, define, and quantify the benefits
derived for the money spent. As such, it requires an understanding of the functional
characteristics of the total program, the physical characteristics of the prime and
supporting equipments and systems, the interrelationships and interdependencies of
the machines and men, and the objectives and results of implementing such a program.
The effectiveness evaluation, discussed in Section S5,relates vehicle testing and
maintenance-effects data to the overall program objective of emissions reduction.
The cost of resources and funds necessary to equip, staff, operate, and manage the
inspection facilities were discussed in Section 6. To conduct the CE analysis,

the respective effectiveness measures and corresponding cost implications of each
test regine are considered.

In the following paragraphs, the CE index is developed to evaluate and compare the '

alternatives. For each test regine, a CE index is calculated relative to each
operating year to illustrate trends expected during the program duration. An
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evaluation of the individual trends and a comparison among the test regimes will
provide relative measures of CE. These quantitative measures are complemented with
a qualitative analysis of uncertainty factors as related to future regulations and
technological advancements and their effects on the test regimes being considered.

8.1.1 Development of Cost-Effectiveness Index

In the previous sections of this report, program effectiveness was evaluated in
terms of emission reduction achievable per year as a function of test regime. The
resource acquisition costs plus operation and maintenance costs per test regime
also were evaluated. Thus, although discussed and developed separately, the
cffectiveness and cost models are not independent. Combining the results of these
two models, a CE model is achieved that is simple, computable, and representative
of the alternatives. Shown below is the simplified equation to be used for deter-
mining the quantitative measures of CE.

i t
Cost Effectiveness (CE) = Effectiveness Measure _ Tons of Pollutants
Program Cost Dollars

Recall that the effectiveness measures were calculated and plotted as a function

of program calendar year, beginning in 1972 and projected to 1991. Correspondingly,
the program costs were calculated on a yearly basis starting in 1972, assumed to be
the initial year of implementation for this analysis. In effect, then, the above
CE index, when calculated, would determine the CE of each test regime on an annual
basis.

Using the CE indices thus calculated, the alternatives can be ranked in order of
greatest emission reduction for money expended. The test regime achieving the
greatest reduction for the least estimated total cost would generate the largest
index, and would thus rank the highest. This does not necessarily mean that this
particular test regime would realize the greatest reduction, nor does it imply that
it would cost the least to implement. It merely identifies the one test regime
that realizes the greatest potential for a specified amount of resources and money.

8.1.2 Determination of Test Regimes Indices

The CE index for each test regime is calculated for each program year. Based on
the yearly effectiveness estimation and the corresponding costs incurred, a ratio
of tons emission reduction per dollar spent is calculated. Equal weighting of HC,
CO, and NO will be used in the effectiveness measures unless otherwise specified.
This was solected to reflect actual reduction as a function of cost. It was pre-
viously shown in Section 5 that the weighting factors did not alter the ranking.

8.1.3 Evaluation and Comparison of Test Regimes

Facilities for the four test regimes may be owned and operated by the State, private
industry, or a combination of the two. In the following paragraphs, the various
alternatives will be evaluated and compared, using calculated CE indices as the
criteria.

8.1.3.1 State Owned and Operated Inspection Facilities - In this alternative,

the State of California acquires the necessary sites, constyucts the inspection
facilities, equips the test lanes, staffs the facilities, and manages the total pro-
gram. Figure 8-1 compares the four test regimes, using the calculated CE indices.
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Figure 8-1. TEST REGIMES COMPARISON -
STATE OWNED AND OPERATED INSPECTION FACILITIES

Key Mode test exhibits the greatest emission reduction for the costs incurred during
the first 5 years of operation. After that, it is essentially equal to Idle test.
The figure shows that Idle test is more cost-effective than Key Mode during the
period 1978 through 1991.

Diagnostic test is much lower than both Key Mode and Idle tests. This is due to its
high annual operating cost, which is approximately three times greater than either
of the top two.

Certificate of Compliance is relatively poor compared with the other three test
regimes. This is not surprising, since it achieved relatively little emission
reduction, whereas the annual operating costs were about twice that of Idle or Key
Mode.

Figure 8-2 shows the CE index as a function of air basins, assuming the Key Mode
or Idle test regime is implemented. The purpose of the figure is to indicate the
differences that occur based on vehicle population density per air basin. Thus,
the most cost-effective air basin to implement would be the South Coast Basin (L),
with the least cost-effective being the Great Basin Valleys (11).

The figure considers the pollutants to be equally weighted, with both emission
reductions and operating costs based on the 1973 calendar year. Subsequent calendar
years would show proportionately less CE on the whole; however, the relative rank-
ing of the air basins would remain the same.
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Figure 8-2. COST-EFFECTIVENESS BY AIR BASINS

8.1.3.2 Privately Owned and Operated Tnspection Facilities - For this alternative,
the State of California will select, on a competitive basis, a private concern to
administrate and manage the overall program. This would include site selection and
construction of new inspection facilities. The actual ownership and operation of
the inspection facilities would be by private industry, subject to the applicable
State regulations. It is assumed that a staff of State personnel would be required
to review the inspection activities periodically to assure conformity to State-
established policies. Cost items would be similar to State cwnership and operation,
plus the supplemental cost of the State regulatory agency and private industyry taxes
and profits.

Figure 8-3 shows the CE indices by calendar year for each of the four test regimes.
Key Mode test exhibits an early advantage over the other three test regimes. After
5 years of operation, the Tdle test regime shows a slight advantage over the Key
Mode test.

Both Diagnostic test and Certificate of Compliance are relatively low in CE when
compared with the other two test regimes. Whereas Diagnostic test is fairly
effective in achieving emission reductions, the high annual operating cost (approxi-
mately $40 million) of the inspection facilities seriously reduces the ratio of
emission reduction achieved for each dollar spent. Tn the case of Certificate of
Compliance, the CE index is lowered considerably more due to much lower effectiveness
than that achieved by Diagnostic coupled with an annual operating cost of about

$30 million (nonescalated).
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8.1.3.3 State Licensing of Existing Privately Owned Facilities =~ 1In this
alternative, the State of California would provide total program administration and
management. Existing vehicle maintenance centers are qualified and certified by a
State agency to perform vehicle emission inspection. Service may or may not be
performed on-site.

Many of the investment costs are obviated due to the existence of the facilities.
Additional cost considerations included equipment depreciation and business profit.
Taxes were not considered, because inspection fees are based on labor charges only.

Figure 8-4 compares the four test regimes as a function of calendar year. Key Mode
test exhibits a greater CE index than Idle test during the first 4 years of opera-
tion, After 1976 throught 1991, the Idle test regime is better than Key Mode.
Diagnostic test and Certificate of Compliance rank third and fourth, respectively,

from 1972 and on. ’»MM,“ﬁﬁ_.__-§~\h“§‘\\\\

8.1.3.4 . Cost- Effectzzg;gss Comparison of Ownership and Operatlon\ - Figure 8-5
illustrates the CE of Idle test inspection facilities as a function Bf ownership

and operation. State owned and operated facilities are relatively more’cost-effective
than either-pfivately owned and operated or State-licensed private Zii;ﬁﬁtles The \<//

most ghb¥ious reason is that State facilities were designed specifically/to do only
inspeetions., Privately owned and operated would be similar to State-bwned, except
for profit- margin, taxes, and parallel administrative cost functi®ns as related to

e

program surveill@iices ... I
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Figure 8-5. IDLE TEST OWNERSHIP AND OPERATION COMPARISON
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State-licensed facilities owned by private industry are the least cost-effective on
a total program basis because of efficiency factors. More facilities are required
to provide population coverage. This is due to the fact that equipment and facili-
ties assigned to the vehicle inspection function are underutilized, similar to
current Certificate of Compliance facilities. Additionally, the purchase price of
equipment and new facilities, if required, would be higher for the individual who
does not enjoy the benefits and economies of large-scale buying.

Figure 8-6 shows the CE of Key Mode test facilities as a function of ownership and
operation. Similar to Idle test, the State owned facilities rank ahead of the pri-
vate industry facilities. ' '

The dotted lines on both Figures 8-5 and 8-6 indicate the relative CE achieved
during 1972-1973 if the investment costs were prorated over the total program life.
The curve remains essentially the same; however, depending on the time period used
(prorated 5, 10, 15, or 20 years), the general curve would be depressed or lowered
slightly over that period chosen.
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Figure 8-6. KEY MODE OWNERSHIP AND OPERATION COMPARISON

8.1.3.5 Vehicle Owner's Total Cost - In addition to program implementation costs
of facility acquisition, operation, and management, there are the vehicle owner's
cost. These costs were discussed in Section 6 and included an analysis of each
test regime. Assuming the vehicle population increases continuously at the rate of
3.6 percent annually, as discussed in Section 5, the expected vehicle population
per year may be calculated. Additionally, it was assumed for analytical purposes,
that the average vehicle owner's cost increases at an annual rate of 5 percent.
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Figure 8-7 shows the anticipated total vehicle owner's cost on an annual basis for
each test regime. For the comparative analysis, an inspection rejection rate of 25
percent is assumed. To determine the costs for a 50 percent rejection rate, the
values of the abscissa are doubled; the curves remain the same.

Tt should be noted that in actual implementation, the cost projections for the 25
percent inspection rejection rate are probably not exactly equal to one-half those
for the 50 percent inspection rejection rate. Interpolating the service costs for
these looser requirements would require more data acquisition and analysis. However,
one point is certainly evident at present; the relationship between service costs
and emission reduction achieved as a function of established limits is not linear.
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Figure 8-7. ESTIMATED TOTAL VEHICLE OWNER'S SERVICE COSTS BY CALENDAR YEAR

Using the previously discussed results on effectiveness, the revised CE indices,
which include the effects of total vehicle owner's service and repair cost, are
shown in Figure 8-8. Key Mode exhibits a greater CE index than Idle test from 1972
through 1979. After 1980, the two test regimes are essentially equal. Diagnostic
test and Certificate of Compliance remain unchanged relative to Key Mode and Idle
test. It is interesting to note that in every case Key Mode remains ahead of Idle
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Figure 8-8. COST-EFFECTIVENESS BASED ON IMPLEMENTATION AND VEHICLE OWNER'S COST

up through at least the first 5 years of operation, even when considering the effects
of vehicle owner's service and repair costs as part of the program implementation.

A detailed analysis of owner's costs as a function of test regimes is presented in
paragraph 8.2.

8.2 PUBLIC ACCEPTABILITY CONSIDERATIONS
The cost of maintenance that would be incurred by the vehicle owner for the mainte-

nance performed on 312 vehicles to 1 May 1971 was discussed in paragraph 6.4. The
average costs by test regime were:

All Service lst Service
Certificate of Compliance | $ 8.31 $ 7.88
(Includes inspection fee)
Idle 37.02 27.19
Key Mode 28.24 24,86
Diagnostic 47.48 | 33.29

The public opinion poll results of Section 7 indicated that the majority of those
polled would oppose a mandatory vehicle emission inspection if required repair costs
exceeded $10. At this point, it appears that only Certificate of Compliance would
be acceptable to the general public.
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The following paragraphs will show that the actual annual cost to the vehicle owner
for all test regimes is within or close to the public acceptability limit. Three
approaches are taken:

e Show the benefits derived through decreased fuel consumption as a result
of maintenance

@ Show the relation between required repairs and normal repairs made by the
average car owner

® Show the benefits of increased vehicle performance.

In addition, the reduction in vehicle emissions due to maintenance performed is
demonstrated.

8.2.1 TFuel Economy Benefits

The benefits of fuel economy are important factors in the CE analysis. Clayton
Manufacturing Company has run extensive laboratory tests, under controlled conditions
with measured air and fuel into the engine, as well as exhaust analyses (refer-

ence 30). Typical malfunctions of various types were induced to determine if an in-
crease in exhaust HC and/or CO could be related to an increase in engine fuel de-
manded to maintain a constant power output. This work, which was verified on a
modest number of in-service vehicles, indicated that there is a usable relationship.

Each vehicle and engine has its own basic characteristic of fuel consumption versus
work accomplished; therefore, any effort to relate "emission levels'" to 'miles per
gallon" would obviously be very illusive. However, in the June &, 1968 Federal
Register, Vol. 33, HEW included an equation for converting seven-mode HC and CO
concentration values to a mass value in grams/mile. Using this equation, a re-
duction in seven-mode HC or CO concentration (due to repair) can be directly re-
lated to the expected pounds (#) of exhaust HC or CO reduction per 1,000, 10,000, or
any other desired mileage.

A rise in HC or CO in the exhaust, due to malfunction, represents a loss of potential
fuel energy (BTU) that is normally converted in the engine. Therefore, it was
reasoned that the engine might demand an equivalent or proportional fuel increase to
compensate for the wasted fuel. Additionally, it was concluded that even if a
power-robbing engine malfunction existed, the power demanded to drive the seven-

mode or any other driving cycle would remain constant.

Ignition misfire, which is the most common cause of gross HC rise, allows fuel to
escape without being subjected to combustion. Therefore, the rise in exhaust HC is
mainly raw fuel. The same is true for compression loss through burned or sticking
exhaust valves. Studies conducted by Clayton indicated that the rise in #/hr of

HC in the exhaust does relate directly to the #/hr increase in fuel demanded by the
engine at a constant power when using raw fuel BTU/# for the exhaust HC. They also
surmised that oxygen also is escaping with the fuel; thus, the estimate would be
conservative due to a moderate percentage of HC being burned in the exhaust system
at the richer mixtures.

The Clayton study further stated that when exhaust CO increases, this represents a

loss of potential fuel BTU being utilized in the engine. That is, when a CO-causing
malfunction exists, each pound of increasec in CO represents a fuel waste of 4360 BTIU
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by not converting to COp. Free hydrogen (Hp) also increases in proportion to CO
- and represents lost combustion. Their tests showed that engine fuel demand increased
at a ratio of approximately 1# of fuel to 3.33# of exhaust CO.

The study stressed that these values cannot be used in relation to gasoline mileage
of vehicle (miles per gallon) unless the potential miles per gallon of the vehicle
was known. When malfunctions causing an abnormal rise in exhaust HC or CO exist,
this increase bears a relationship to the increase in fuel demanded by the engine
at constant power output. Relationships found were:

1# FID* indicated HC = 1# increase in fuel demand
1# NDIR** indicated HC x 1.8 = 1# increase in fuel demand
1# NDIR indicated CO = 0.3# increase in fuel demand.

The relationships were verified by inducing a series of malfunctions on seven-mode
tests and determining the increase in fuel consumption versus the HEW equation for
determining grams per mile. Indications were that the above values are on the con-
servative side, and that a l# increase in indicated exhaust HC may demand as high
as a 1.2% increase in fuel on some vehicles, depending on engine exhaust
configuration.

The above study contained the only available and reasonable method to calculate

fuel economy. As such, it will be used below to determine fuel and dollar savings
for each test regime. Since the method is applied to each regime, any inherent
inaccuracies would apply to all. The intent is to indicate the relative differences.

The equation for arriving at dollar saving per year is derived below:

C, = W:-M-K: C
5 g
where
Cs = fuel savings in dollars per year
W = pounds of fuel per mile
M = miles driven per year = 10,000 miles (estimate)
K = gallons per pound fuel constant = Elfg at specific gravity of 0.75
Cg = cost of gasoline per gallon = $0.37 (estimate) : f
1 gram = 2.205 x 107> pounds
. -3 4 1
S.C, = 2.205 x 10 T AE x 107 x —— x 0.37 = 1.3 AE
s 6.26
where
AE = emission reduction in grams per mile.

*FID - Flame ionization device i
**NDIR - Nondispersive infrared
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The value of AE may be found by taking the HC and CO reductions observed and apply-
ing them to the following equation:

AE = AHC + 0.3 ACO

where AHC and ACO are in grams per mile.

Applying the above calculations to each of the regimes yields the results shown in
Table 8-1. It should be noted that these calculations apply only to those cars
serviced, using before and after emission results for each regime. If the fleet is
not statistically valid across each regime, the values shown may be misleading.
These fuel economy values are calculated from average HC and CO reductions for all
vehicles serviced.

Table 8-1. AVERAGE ANNUAL FUEL SAVINGS BASED
UPON EMISSION REDUCTIONS
Annual*
AHC (Gr/Mi) ACO (Gr/Mi) Fuel Savings ($)
All st All 1st All 1lst
Test Regime Service | Service| Service| Service | Service Service
Certificate of Compli- 0.74 0.35 0.66 0.48 1.22 0.64
ance (125)%%
Idle Test (55)%*%* 2.35 2.04 28.33 22.87 14.10 11.57
Key Mode Test (64)%*%* 2.41 2.12 40.00 37.53 18.73 17.39
Diagnostic Test (68)%% 3.00 2.36 23.92 16.46 13.23 9.49
*Based upon 10,000 miles per year
**Number of wvehicles in this test group

8.2.2 Average Annual Cost of Repairs

The typical motorist has his car tuned up on the average of once every 18 months.
One extensive survey (reference 31) indicated that the average expense for this

tuneup was $7.81 on an annual basis.
that a more realistic present value (at 5 percent a year for 10 years) would be

$§12.72.

adjustment at a few dollars to a major tunmeup of up to $75.00.

Because of the age of this survey, it is felt

It must be stressed that this is an average of all tuneups, from a simple

A general tuneup consisting of engine diagnosis, new spark plugs, distributor

points, condenser, dwell and timing adjustment, adjustment of carburetor idle speed
and mixture, and cleaning and testing the function of the smog control wvalve for an
8-cylinder engine would cost an average of $25.00 (reference 32). If this were
done voluntarily, when performance degraded to an unacceptable level (at approxi-
mately 18 months), the average annual cost would be $16.67.
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It therefore appears that the estimated average annual cost that a motorist would
normally expend is somewhere between $12.72 and $16.67. For this discussion, $15.00
will be used; a figure felt to be conservative.

8.2.3 Survey of Vehicle Owner Comments After Service

An important aspect of mandatory vehicle inspection is whether the vehicle perform-
ance has changed (better or worse) after maintenance when a vehicle fails the emis-
sion test and requires service. An integral part of the 1200-vehicle test program
(Part B of this study) is to ascertain from owner comments whether there has been a
change in performance as determined by the vehicle owner. To determine these
changes, a post card questionnaire was developed and was given to each vehicle
owner after his vehicle was serviced. Figure 8-9 is a copy of the prepaid reply
post card.

Your car was tested for exhaust emissions and serviced by garages.
Please indicate below your opinion of how the car's engine is now performing.
Comments are encouraged. Return prepaid reply as soon as possible.

Thank You

{ ] No Change [] Improved [ ] Worse

COMMENT:

Figure 8-9. SERVICED VEHICLE PERFORMANCE QUESTIONNAIRE

The reply card provided the owner with three options: no change, improved, or
worse, In addition, space for comments was provided, which allowed the owner to
describe or state any descriptive information he may wish to express.

Responses were tabulated as a function of these characteristics to determine

whether a particular test regime or type of vehicle was sensitive to the type of
repair performed. A summary chart, Table 8-2, shows the results in percent. As

is seen in the results, the Idle test, Key-Mode test and Diagnostic test are very
close to each other as far as percentage improved, no change, or worse opinions.

The Certificate of Compliance had a lower percentage of improvement with respect to
the other regimes, with an increased percentage of no change and worse. This fol-
lows from both the emission results and the test procedures used, because very little
maintenance was performed on the vehicles. This is reflected in the owner repair
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Table 8-2. SUMMARY OF VEHICLE OWNER COMMENTS

Performance

No Change Improved Worse Responses Cars Serviced

Test Regime (%) (%) (%) (to 4/26/71) (to 4/26/71)
Certificate of 37.5 45.5 17 64 112

Compliance

Idle Test 28 59.5 12.5 32 51
- Key-Mode Test 21 68.5 10.5 38 54
Diagnostic Test 28 61 11 36 62
Total 30 56.5 13.5 170 279

cost resulte. In addition, on vehicles which had faulty emission control systems,
when these systems were restored, an obvious change in performance was encountered.

8.2.3.1 Results - At the time of tabulation for this report, 279 vehicles
received service as a result of not meeting the established emission limits. Each
vehicle owner was given a return reply card when the vehicle was returned to the
participant. To 26 April 1971, 170 of the 279 participants returned the reply
cards. Table 8-3 shows the responses as a function of the test regime, vehicle
type (controlled or uncontrolled), and opinion of engine performance.

Table 8-3. VEHICLE OWNER COMMENTS AFTER SERVICE

Performance } 441
No Change Improved | Worse Responses Cars Serviced

Test Regime . (to 4/26/71) (to 4/26/71)
Certificate of
Compliance

Uncontrolled 11 18 5 34 59

Controlled 13 11 6 30 53
Jdle Test

Uncontrolled 7 g 1 17 28

Controlled 2 10 3 15 23
Key-Mode

Uncontrolled 6 15 3 24 35

Controlled 2 11 1 14 19
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Table 8-3. VEHICLE OWNER COMMENTS AFTER SERVICE (Continued)

Performance
No Change Improved | Worse Responses Cars Serviced

Test Regime : (to 4/26/71) (to 4/26/71)
Diagnostic

Uncontrolled 5 13 3 21 44

Controlled 5 9 1 15 18
Total

Uncontrolled 29 55 12 96 166

Controlled 22 41 11 74 113
Grand Total (All) 51 96 23 170 279

It is interesting to note that approximately 90 percent of the worse-reply opinions
were related to the carburetor operation problems. These common complaints were:
hard cold-starting, engine stalls at stops, and rough idles., These symptoms are
results of improper choke adjustment and improper speed and/or mixture adjustments,
The remaining complaints covered improper timing adjustments, and car 'shakes" and
"shimmies,'" etc.

In summary, of those responses received, when a service was performed, a total of
13.5 percent experienced, in their opinion, a degradation in engine performance. A
total of 30 percent felt there was no change. Excluding Certificate of Compliance
vehicles, it may be concluded that these drivers were operating vehicles which were
emitting excessive CO and HC pollutants and, when serviced for lower emissions, did
not notice any performance degradation. Finally, the majority of the vehicle owners
(56.5 percent) felt their vehicle was definitely improved in performance and re-
sulted in a significant benefit.

8.2.4 Vehicle Emission Reduction

As a result of the maintenance performed, an average reduction in emissions was
observed in almost all test regimes for HC and CO. NO, increased roughly as an
inverse function of CO. Table 8-4 shows the reductions by test regime.

8.2.5 C(Cost Effectiveness for the Vehicle Owner

Unfortunately, the average motorist is more concerned with the costs with which he
may be faced as a result of mandatory inspection than he is with reducing air pollu-
tion. As an example, although 30.2 percent of the public opinion group thought the
major benefit of a mandatory inspection was to reduce air polliution, $10 worth of
repairs would be acceptable to 46.1 percent and $20 worth of repairs would be
acceptable to 22.6 percent. The conclusion, then, is that 13.9 percent of the

group would make repairs of $10, and only 6.8% of the group would make repairs of
$20 because it would reduce air pollution. Even if every one of the persons willing
to spend $20 thought they would reduce air pollution, 7.6 percent dropped out be-
cause of cost.
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Table 8-4. AVERAGE EMISSION REDUCTION FOR SERVICED
VEHICLES BY TEST REGIME

HC (Gr/Mi) CO (Gr/Mi) NO, (Gr/Mi)
After All | After lst| After All | After lst After All | After 1st
Vehicle Service Service Service Service Service Service

Controlled

Certificate of 0.93 0.93 0.82 0.82 (-0.17) (-0.17)

Compliance

Idle 1.44 1.27 30.35 22.40 (-0.60) (-0.39)

Key Mode 2.23 2.13 32.07 27.86 (-0.68) (-0.44)

Diagnostic 0.41 0.36 14.49 11.80 (-0.33) 0.03
Uncentrolled

Certificate of 0.56 (-0.21) 0.50 0.16 (-0.23) (-0.19)

Compliance

Idle 3.06 2.63 26.77 23.23 (-0.23) (-0.30)

Key Mode 2.50 2.11 44..16 34.38 (-1.11) (-0.85)

Diagnostic 4.01 3.13 27.58 18.27 (-0.62) (-0.47)
All Vehicles

Certificate of 0.74 0.35 0.66 0.48 (-0.20) (-0.18)

Compliance

Idle 2.35 2.04 28.33 22.87 (-0.39) (-0.34)

Key Mode 2.41 2.12 40.00 37.53 (-0.96) (-0.71)

Diagnostic 3.00 2.36 23.92 16.46 (-0.54) (-0.33)

NOTE: Negative value indicates increase

The results of the previous paragraphs are combined into one table (Table 8-5).

The fuel savings described in paragraph 8.2.1 were based on the pollutant reduc-
tions at the time of service. To present a more pessimistic view, degradation in
fuel economy is assumed here to be linear for a 50 percent reduction in the figures
given. This degradation is taken into account in Table 8-5.

To obtain a net cost to a motorist whose car fails the emission test, the average
cost for service was obtained. With the exception of Certificate of Compliance,

the service performed represents at least a minor tuneup, including replacement of
common ignition parts. Accomplishment of this mandatory service obviates the need
for the average annual outlay for a tuneup, SO the additional cost of maintenance
is the cost for mandatory service minus $15.00. The emission reduction virtually
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Table 8-5. VEHICLE OWNER'S COST-EFFECTIVENESS SUMMARY
FOR SERVICED VEHICLES

Certificate
Cost and of
Effectiveness Compliance Idle Key Mode Diagnostic
Elements (125) (55) (64) (68)
Service Cost ($)
All Service 8.31 37.02 28.24 47.48
lst Service ' 7.88 27.19 24,86 33.29
Estimated Annual Cost of - 15.00 15.00 15.00
Tuneup, Obviated ($)
Fuel Savings (8)
All Service 0.66 7.05 9.37 6.67
lst Service 0.32 5.79 8.70 4,75
Net Cost (%)
All Service 7.65 14,89 3.87 25.80
lst Service 7.56 6.40 1.16 13.54
Reduction in Emissions
(HC + cO) (Gr/Mi)
All Service 1.40 30.68 42 .41 26.92
1st Service 0.83 24.91 39.65 18.82
Cost per Gram Reduc-
tion (8)
From Service Cost
All Service 5.94 1.21 0.67 1.76
lst Service 9.49 1.09 0.63 1.77
From Net Cost ‘
All Service 5.46 0.49 0.09 0.96
lst Service 9.11 0.26 0.03 0.72
Performance Assessment
by Vehicle Owner (%)
Improved 45.5 59.5 68.5 61.0
No Change 37.5 28.0 21.0 28.0
Total 83.0 87.5 89.5 89.0
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guaranteed by the proper tuneup procedure, enforced by the possibility of retesting
the vehicle after service, will result in a fuel saving that can be used to reduce

the net cost to the motorist. While it is true that a tuneup not required because

of failing the emission test may also result in a fuel savings, it is a hit-or-miss
proposition.

The net cost to the owner of a failed vehicle is therefore within the $10.00
acceptable cost with the exception of Diagnostic, which has an average cost of
$13.54 after one service. Certificate of Compliance and Key Mode costs are still
acceptable after all service. TIdle goes to almost $15.00, while Diagnostic moves
far beyond the acceptability limit.

The emission reduction summary shows that Certificate of Compliance provides insig-
nificant reductions, while Key Mode shows more of a reduction after first service
than any other test after all service, and the least dollar cost per gram reduction.

Therefore, from the vehicle owner maintenance cost standpoint, based on net cost or
emission reduction, Key Mode is the most acceptable test for implementation.

8.3 CONSIDERATION OF UNCERTAINTY FACTORS

The preceding analysis considered the quantitative factors of emission reduction

and program cost for each of the four test regimes. Based on operational data and
other available information, estimations and projections were made for the next 20
years, beginning in 1972. Wherever possible, relevant data were quantified and used.

There are other factors to be considered in determining which of the four
alternatives would be the most suitable to implement. These factors have been
classified as uncertainty factors because they consider characteristics relevant to
the program and which are dependent on future circumstances. For example, the
effects of future regulations and technological advancements cannot be quantified;
consequently, their impact on each of the test regimes can be evaluated and compared
only on a qualitative basis. 1In the following paragraphs, these factors are dis-
cussed and evaluated on a qualitative basis wherever possible.

8.3.1 Effects of Future State and Federal Regulations

Section 2 discussed the trends in both State and Federal regulations regarding
vehicle emission limits. As the tighter limits are imposed, more extensive instru-
mentation and better measurement resolution and accuracy would be required. It is
also evident that mass emissions (equivalent weight per mile) will remain as the
accepted measurement standard.

These tighter emission standards will have considerable effect on instrumentation
requirements by 1975. The constant volume sampling (CVS) emission measurement
technique becomes a requirement in 1972. The CVS procedure requires dynamic load-
ing of the vehicle, normally accomplished by a dynamometer. Comsequently, both
Certificate of Compliance and Idle test would not be applicable to this type of
emission inspection.

The Key Mode and Diagnostic test regimes both utilize dynamometers, with the former
requiring a simpler and cheaper ome than that required for Diagnostic or CVS test-

ing. The basic Key Mode dynamomemter would require the addition of the capability

to adjust loads and inertial weight. Facility requirements would not change

8-18



significantly for either regime due to CVS requirements; however, the sampling
and instrumentation package, as described in Section 3, would require an additional
$20 to $25,000.

The application and degree of end-of-assembly line (EOAL) testing, as directed by
future State or Federal regulations, would directly affect a periodic vehicle in-
spection program. Assuming that EOAL testing is totally effective in identifying
subnormal performance, then grossly malfunctioning components would be corrected

at the point of assembly or immediately thereafter. Minor adjustments also would be
performed prior to resorting to remove-and-replace activities. It seems conceivable
that subsequent inspections on a statewide level would detect adjustments that de-
viated and/or component deterioration due to wear. The requirements for this type
of inspection program would be more of an enforcement of regulations, presently
being considered, that would require manufacturers to guarantee a specified emission
level over an initial period of the vehicle's expected life.

8.3.2 Anticipated Future Emission Control Methods

Controlling vehicle emissions on future vehicles will be primarily by catalytic or
thermal exhaust conversion plus engine modifications. The engine modifications will
probably include fuel injection, atomizing carburetion, exhaust recycling, pro-
grammed spark advance, prolonged cylinder dwell time, and hybrid (internal combus-
tion plus electric) engines. Additionally, the Wankel rotary engine is currently
being introduced and marketed, and shows some promise as a low emitter,

Fuel modifications also would affect pollutants emitted in future vehicles. Based
on very limited foreknowledge, it seems that many of the modifications and devices
would be intentionally nonoperative during part of a driving cycle. Consequently,
it would be necessary to simulate a driving cycle or road conditions to achieve
reasonable engine rpm or torque (horsepower) to measure actual emission char-
acteristics.

As an example, some catalytic afterburners are nonoperative at high-temperature
conditions to conserve on the catalytic media. Other devices incorporate thermo-
static overrides to functiomally protect either the engine or the device from
failure during above-normal engine operating temperatures. These devices would
necessitate engine loading capability to adequately evaluate emission control
performance.

8.3.3 Estimation and Projection of Emissions Reduction

The effectiveness calculations were made for two periods of vehicles: 1957-1970

and 1971-1991. Projections for the 1971-1991 model-year vehicles were based on
average reductions measured for the 1968 through 1970 vehicles. Although the method
was applied equally to each test regime, it must be recognized that the sample size
for each regime and for each model-year vehicle was limited.

At this stage of the testing phase, which is approximately half completed, there is
no assurance that the emission reductions noted in the first half for the 1968-1970
vehicles will be duplicated in the second half. Presumably, the changes, if any,
would be small. However, since the calculations for the 1971-1991 vehicles were
based on these vehicles and would constitute the majority of the population for the
program duration, small inaccuracies between test regimes may become significant
when multiplied by the several million vehicles considered.

8-19




449

In view of these uncertainties, the effectiveness projections were presented in two
formats. One format considered only 1957-1970 vehicles for which emission reductions
were measured and calculated. The other format included the 1971-1991 vehicle
emission reduction estimates with the measured reductions for the 1957-1970. Doing
this, the influence of the estimated projections could be determined. The results

of the effectiveness figures indicate that these projections did not alter the
ranking of alternatives.

8.3.4 Estimation and Projection of Program Costs

All cost inputs obtained were the best figures available, and all total costs were
calculated using the computerized cost model. However, some degree of uncertainity
exists in the final figures computed, such that the eventual cost of implementing
the various configurations of each of the regimes costed may vary to some extent
due to varying cost increases with time or conditions in the marketplace.

To account for these uncertainties, a parametric analysis was performed for all
variables whose values were determined to be critical in the cost analysis. Land
and building costs, equipment costs, and personnel wages and salaries were varied
+20 percent to determine their net effect on total program investment and operating
costs. The higher cost figure considered might be more accurate for investment

and operating costs as the period of time between study completion and actual pro-
gram commencement widens. Actual cost variations that may be experienced are partic-
ularly crucial in the area of land acquisition, facility construction, and personnel
salaries. 1If these costs do in fact vary by as much as the allotted parametric
range, the maximum quoted aggregate costs would be experienced. Aggregate land and
construction costs are particularly sensitive when cost estimates are based upon a
unit cost per square foot. It is for this reason that a 20 percent variability was
considered. 1If as long as 3 years elapse prior to implementation, operating costs
as a function of time alone may increase by 15 percent due to price escalations.
Again, 20 percent was allotted as the maximum variability anticipated.

8.3.5 Private Enterprise Program Participation

In determining the program implementation costs, it was assumed that private
industry would participate in varying degrees, depending on type of management,
ownership, and operation considered. For the Certificate of Compliance test regime,
privately owned and operated service facilities are currently licensed. A larger
quantity of new or existing facilities would be required to implement a vehicle
emission inspection program. FEach existing facility owner would be required to
invest in specialized emission test equipment costing up to $2,000. New facilities
would require $3,600 in original equipment. Based on the analysis of results ob-
tained during this study, facilities would be under more stringent surveillance
than presently imposed to assure desired performance and program effectiveness.
Approximately 1366 lanes would be required.

Idle test regime facilities owners would require investments in site, facilities,

and special Idle inspection test equipment. There would be a smaller quantity of
lanes required than for Certificate of Compliance due to the shorter inspection

time, thus faster throughput rate. WNew facilities would cost about $20,000 and

would require $10,000 for special equipment. Approximately 319 lames would be required.

Key-Mode test regime requires more extensive instrumentation than the Certificate
of Compliance or Idle test regimes. Typical new facilities for the private owner
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and operator would cost $40,000 and would require equipment costs of $13.000.
Approximately 398 lanes would be required.

The Diagnostic test facility would require an acquisition investment of $135,000 for
the facility and $32,000 for the inspection equipment. Due to the very low through-
put rate, approximately 784 lanes would be required.

The public opinion survey, previously discussed in Section 7, indicated that vehicle
owners are leery of private garages and service stations, especially in terms of
corrective maintenance and repairs. Thus, if privately owned inspection facilities
are incorporated, it would be almost mandatory for the State to assure that a
facility performing inspection does not also perform the recommended service and
repairs. This may be very difficult to enforce. Possibilities for collusion and
graft exist.

Service facilities profits are realized to a greater extent on products sold, rather
than on labor charges. It becomes difficult to visualize then, that many facility
owners would be interested in investing thousands of dollars just to provide emission
inspection services. Financial disadvantages are least severe beginning with Cer-
tificate of Compliance and become increasingly worse with Idle and Key Mode, ending
with the worst of all, Diagnostic.

It could be argued that a mandatory periodic inspection program provides a captive
clientele. This may be true to a certain extent. However, there is no guarantee
that all participants in a given area will patronize a designated facility. For a
given implementation, it is assumed that the State would establish basic inspection
fees based on anticipated workload, operating costs, and acceptable profit margin.
When variations occur in vehicle throughput and/or operating costs, profit margin
is affected. This may be very oversimplified. The above discussions are a few of
the considerations that would determine whether or not necessary private industry
participation can be realized to fulfill program implementation requirements for
privately owned and operated inspection facilities.

8.3.6 Program Objective - Immediage and Long-Range

The overall program objective is to achieve emission reduction in terms of HC, CO,
and NOx. Measures of effectiveness were calculated based on this objective. The
selection between the alternatives will be facilitated by the quantitative CE
indices developed as a function of calendar years. What remains is to evaluate
these quantitative measures against the program goals.

To start with, is the intent of the program to achieve the greatest reduction of
vehicle emissions during the first year or during the first 5 years? If it is
during the first 5 years, then State owned and operated Key Mode facilities is the
most desirable alternative. If the program intent is to achieve the greatest
reduction for the least investment cost incurred during the first year of operation,
then State owned and operated Idle test facilities would be the recommended approach.

If the program goal is to realize the greatest emission reduction during the next 5
years (beginning in 1972) for the least costs expended, then State owned and
operated Key Mode facilities would be the selection. Considering total investment
costs plus 5 years of operation, Key Mode would be at least 10 percent more cost-
effective than Idle. Total expenditures would be $73.7 million for Key Mode and
$62.2 million for Idle. Emission reductions would be 13.1 million tons for Key
Mode and 10.8 million tons for Idle test.
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Is the program goal to achieve the most cost-effective scolution during the next 20
years by incorporating a statewide inspection program? 1If this is the objective,
then either Key Mode or Idle test facilities owned and operated by the State should
be implemented.

If the intent is to achieve the greatest reduction with the least cost to the
vehicle owner in terms of service and repair expense, then Key Mode would be the
selection. In paragraph 8.2, it was shown that Key Mode realizes the greatest
average emission reduction for the least vehicle owner's cost.

In its entirety, paragraph 8.3 has attempted to raise questions and identify areas
of concern that would affect the ranking and selection of the alternatives. The
intent is not to invalidate the analyses, but merely to identify areas that are
dependent on future circumstances but which affect current decisions.

8.4 EVALUATION OF THE COST-EFFECTIVENESS ANALYSIS

The cost-effectiveness analysis of the test regimes has shown that State management,
ownership, and operation of inspection facilities is the most desirable. Regardless
of test regime type considered, a State regulated program featuring private industry
management, ownership, and operation of inspection facilities was ranked next in
order. The least cost-effective approach was State management of existing, licensed
inspection facilities owned and operated by private industry.

The relative cost-effectiveness ranking of four alternative test regimes evaluated
was as follows: Key-Mode test, Idle test, Diagnostic test, and Certificate of
Compliance. Evaluated on a total program basis, Key-Mode was ranked first for
every arrangement of program management and inspection facility ownership and oper-
ation. TIdle test was essentially equal to Key-Mode after the initial 5 to 7 years
of operation. The following paragraphs summarize the cost-effectiveness analytical
results.

8.4.1 Key-Mode Test

The Key-Mode test regime exhibited the greatest emission reduction for the resources
and funds expended when compared with three other alternative test regimes. It is

a highly developed and refined procedure first introduced by the Clayton Manufac-
turing Company. The inspected vehicle is driven under simulated road conditions.
Using three modes of operation (idle, low cruise, and high cruise), the vehicle is
then monitored and exhaust gases sampled. An integral part of the inspection test
procedures is a set of tables that relate excess emission levels of HC and CO to
specific areas of vehicle service and repair. Reference to supplementary charts
enables maintenance persommel to perform rapid and accurate service and repair.
Short inspection time (average 6 minutes per vehicle), coupled with explicitly
defined areas of service and repair, results in lowering emissions to desired levels
while keeping costs to a minimum.

The fast throughput rates per inspection facility result in efficient and economical
station operation and lower total program costs. It was shown that Key-Mode test
realized the greatest emission reduction per vehicle owner's cost. Considering the
potential fuel savings per serviced vehicle, Key-Mode test is the most cost-
effective in terms of emission reductions per vehicle owner's costs and benefits.

A survey of those vehicles serviced by the Key-Mode procedure revealed that 68.5
percent of owners considered the post-service performance to have improved while 20
percent believed no change or degradation in performance occurred.
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8.4.2 1Idle Test

The Idle test regime was the second most cost-effective method. 1In fact, depending
on the emission weighting factors considered, it even exceeded Key-Mode in terms of
cost-effectiveness after the initial 7 years of program duration. The total program
effectiveness data (emission reduction achieved) showed that Idle test was slightly
less effective than Key-Mode. Correspondingly, the cost analysis showed that Idle
test was slightly less costly than Key-Mode.

The advantages of an Idle test and inspection program are that the technicians con-
ducting the tests are equipped with established procedures and equipments to
properly service a vehicle with the intention of reducing emissions and without
sacrificing vehicle performance. Technicians trained in the proper use of the Idle
equipments can perform rapid emission measurements, interpret the results, and
diagnose causes of excessive emissions. Both the equipment and the procedures are
easy to use.

The Idle test regime inspection does not require extensive testing of the vehicle
to determine various operating levels of emissions as does the Key-Mode. Conse-
quently, the failure detection methods of iSolating cause of excess emission is
also less extensive. These characteristics are reflected in the effectiveness
measures and vehicle owner's cost data which revealed that Idle test achieved less
emission reduction per vehicle owner's cost than did Key-Mode.

8.4.3 Diapgnostic Test

The Diagnostic test depends on the training, experience, and technical judgment of

a skilled diagnostician to evaluate engine performance and to determine causes for
excess emission levels. To assist him, the diagnostician has various instrumenta-
tion and documentation available to identify and classify malfunction symptoms along
with service and repair actions required.

Results of efforts to reduce emissions on the test vehicles tend to indicate that
relying on the technical personnel staff to identify causes for excessive emission
levels was not effective. Theoretically, a Diagnostic test should be as effective
as Key-Mode, because both rely on simulated road-load conditions of the tested
vehicle using a dynamometer to identify malfunctions and maladjustments.

Failure diagnosis for the Key-Mode is facilitated through the truth charts which
were developed by skilled diagnosticians interpreting operational test data. Diag-
nostic test relies on the charts accompanying the separate instrumentation equipment,
and to a large extent, on the training, education, and experience of the technical
staff. Tt is not as regimented as Key-Mode diagnostics, which may or may not be an
advantage. Although there are some benefits to flexibility, Diagnostic test effec-
tiveness results indicated that the formal methods of Key-Mode are more desirable,

In terms of cost-effectiveness, the Diagnostic test regime was less beneficial than
Key-Mode and Idle due to its relatively low vehicle throughput and extensive instru-
mentation. More and larger facilities were required to accommodate the inspected
vehicles, and expenditures were much higher for annual operating costs. Combining
the relatively low effectiveness with high operating and investment costs, the
Diagnostic test regime was ranked below Key-Mode and Idle.
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8.4.4 CertiTicate of Compliance

tificate of Compliance was relatively ineffective in achieving emission

redyttions. This is understandable since this test regime does not specify acce
e levels of HC, CO, and NOy.

Certification requirements, if satisfied, assured

at exhaust control devices and emission control systems were operating according
to manufacturer's specifications.

Additionally, an implicit requirement was that
the engine also was operating according to manufacturer's specifications. However,

as determined from post-service seven-mode tests, engine operation did not meet
these specifications in all cases.

e cost-effectiveness analyses indicated that Certificate of Compliance was the
lewst desirable of the regimes evaluated, even if the service cost is considered as
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SECTION 9
STATE VERSUS PRIVATELY OPERATED STATIONS
COST-EFFECTIVENESS ANALYSIS

This section determines the extent to which the State of California and private
industry should participate in a statewide program of mandatory vehicle emission
inspection. It has been shown that it is technically feasible for an inspection
program, coupled with directed corrective maintenance and adjustments, to result

in reduced emission levels. Both the cost analysis and the cost-effectiveness
analysis have indicated the reasonableness of having both State and private industry
participate in the total program.

The questions of who should manage the total program, who should own the inspection
facilities, and who should operate and maintain the facilities have been addressed
or alluded to in various sections of this report. Functional requirements were
discussed in Sections 2 and 4, where it was essential to identify total program
management functions and also inspection facility ownership and operation functions.
Based on these requirements, various facilities were configured, along with possible
program management structures. These different combinations were then priced and
used as inputs to the cost analysis discussed in Section 6, whereas the cost-
effectiveness of these combinations were evaluated in Section 8.

The purpose of this section is to collect the distributed analyses and summarize

the findings to clearly identify and describe the roles of the State and private
industry. This section begins with a brief functional description of program manage-
ment, and inspection facility ownership and operation. Following this, a qualitative
cost analysis of State and private industry participation is performed based on the
functional allocation. The quantitative cost analysis of the different arrange-
ments as used in the cost-effectiveness discussions are evaluated. The results of
the public opinion survey are considered prior to determining the degree of partici-
pation that the State and the private sector would have in a statewide inspection
program.

9.1 PROGRAM ADMINISTRATION AND MANAGEMENT

Total program management of the statewide inspection system will include the sched-
uling of vehicles, maintenance of records, establishing and reviewing of emission
limits, evaluating current and future instrumentation requirements, and providing
for future analysis and development in the areas of methodology and technology.

The administration and surveillance of statewide inspection facilities will involve
the establishment of qualification criteria for equipment and facilities, evaluation
of candidates, and the certification and acceptance of selected units. These func-
tions will be performed during the program lifetime.

At the outset of the program, the management agency will conduct, or will cause to

be conducted, the necessary indoctrination, orientation, and training sessions for
the general public and the pertinent technical personnel. To assure uniform
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performance of vehicle inspection for a given test regime, the management agency
will issue accepted inspection test procedures to all participating facilities,
review initial emission inspection results, and upgrade inspection procedures as
required.

9.2 INSPECTION FACILITIES OWNERSHIP AND OPERATION

Inspection facility ownership will include those functions of site acquisition,
facility construction, equipment acquisition and installation, and personnel selec-
tion and training. Where suitable facilities exist, modifications to accommodate

a given test regime may be required. Additionally, special equipments may be
required to perform emission inspections. Depending on the test regime implemented,
training may be provided by program management or on-the-job by facility manage-
ment. Facility operation and maintenance will involve performing vehicle emission
inspection, consulting with the vehicle owner on test results, and recording and
managing inspection data and records. Equipment and facility maintenance functions
will be performed by in-house personmel or contracted to service agencies. In
addition, there will be the normal business administration functions of paying
operating expenses such as salaries, taxes, utilities, expendable supplies, and
payments on long-range loans or martgages; handling and accounting of inspection
fees if required; and other such functiomns.

9.3 QUALITATIVE COST COMPARISON

Section 6 addressed implementation costs to both the State and private industry.
The expenditures that were quantified and calculated are the actual estimated and
projected costs incurred for a particular arrangement of total program management
and inspection facility ownership and operation. That is, no differentiation was
made between cost to the State or private industry. Obviously, for total State
involvement including management, ownership, and operation, all costs are financed
by the State (excluding the possibility of inspection fees). When the arrangement
consists of private ownership and operation of inspection facilities, then direct
State finances are necessary only for program surveillance personnel and related
costs. The same would apply for State licensing of privately owned and operated
facilities.

Table 9-1 contains a qualitative comparison of State and private industry as a func-
tion of various cost elements. The program cost implications in terms of State
finances are evaluated. It becomes readily apparent that if the concern is cost-
effectiveness as related to State expenditures, then State surveillance of a program
managed by a private enterprise and comprised of privately owned and operated facil-
ities would be the best selection. Contrarily, should the concern be cost-
effectiveness in terms of general economy, then total State participation would be
the choice.

9.4 COST-EFFECTIVENESS COMPARISONS

Section 8 evaluated and compared the test regimes based on different arrangements of
management, ownership, and operation of inspection facilities. For each test regime,
three basic arrangements were considered: (1) State managed, owned, and operated;
(2) private industry managed, owned, and operated; and (3) State managed with
licensed, existing, privately owned facilties.
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Without exception, it was shown that option (1) with total State participation was
the most cost-effective for each of the four test regimes. Option (2) was next,
followed by option (3). The principal reason for this outcome can be attributed to
the economies of a single agency versus distributed and diverse operations. Total
private enterprise participation closely approximates total State participation with
a few exceptions. Private industry is profit motivated, pays more taxes than the
State, and, by necessity, would have as a parallel management structure the State
agency responsible for program surveillance, resulting in duplicate costs to the
overall program costs.

State licensing of privately owned inspection facilities would be the most costly
since the advantages of large-scale purchasing are not present, and more facilities
are required to accommodate the vehicle population due to licensed facilities per-
forming functions other than inspection. This was based on the assumption that
maximum utilization of inspection facilities cannot be guaranteed to justify single-
purpose licensed facilities. Thus, other services must be provided by these facili-
ties to supplement their income.

9.5 THE PEOPLE'S CHOICE

It was determined during the public opinion survey conducted by Opinion Research of
California that 76.6 percent of 1000 interviewees believe that a mandatory vehicle
emission inspection program is necessary. In addition, if a mandatory program 1is
implemented, 82.1 percent would be in favor, 14,2 percent would be in opposition,
and 3.7 percent have no opinion. Of the 1000 people contacted, 56.9 percent thought
that the State of California should conduct the program, with 25 percent in favor of
private garages and service stations. The remaining 18.1 percent did not know or
care.

For those 569 who voted in favor of the State conducting the program, the five
dominant reasons for selection were:

Have trust in; honest - 13.2 percent

. Eliminate or cut down grafts, bribes - 13.2 percent
Do not trust private garages - 13.0 percent

Better enforcement - 10.9 percent

Private garages charge too much - 8.4 percent

o o0 g

Considering the 25 percent (250 to 1000) who favored private industry, the five
dominant reasons for their selection were:

f. Convenience - 24 percent

g. Save taxpayers money, less cost to State - 12.4 percent
h. Support private enterprise - 11.6 percent

i. Less expensive, cheaper - 9.2 percent

j. Do a better job, generally - 8.8 percent

It is interesting to note that of the five dominant reasons for selecting the State
to conduct the program, the first three involve trustworthiness of operating person-
nel. Those in favor of private industry cite convenience and money as their major
reasons. There appears to be a paradox in the responses in that (e) indicates that
people are in favor of a State-run program because private industry charges too much,
while (i) shows that people are in favor of private industry because they are less
expensive. Although the percentages are fairly even (8.4 to 9.2 percent), this is

9-8



433

misleading. In actuality, the true quantity would be 8.4 percent of 569 versus 9.2
percent of 250. Thus, contrary to what the percentages indicate, the number of
people. who believe private industry charges too much exceeds those that believe it
would be cheaper.

There were many other questions asked during the interviews., Section 7 summarized
the pertinent findings, whereas Appendix K contains the detailed results. If one of
the program goals is to satisfy the majority of the population, then perhaps Table
9-2 can be construed as a set of guidelines or requirements.

9.6 RECOMMENDED ARRANGEMENT

The results of the foregoing analysis indicate that the State of California should
provide total program management, administration, and surveillance. In addition, it
should: have respensibility for the facility ownership and operation for the duration
of the program. This was shown to be the most cost-effective combination for each
of the four test regimes. Furthermore, it is the opinion of the public that this
would be the most acceptable arrangement, if and when a mandatory program of vehicle
emission inspection is implemented.

The service and repair of vehicles that do not meet inspection requirements should
be performed by the private sector.

Tablé 9-2. CONSIDERATIONS FOR A STATEWIDE PROGRAM BASED ON PUBLIC OPINION SURVEY

Source®

Characteristics Majority Opinion (Table No.)

Program Management State of California 22

Inspection Facility | State operated 23

Inspection Interval Once a year 25

Inspection Time 15 minutes or less preferred, 29, 30, 31

Duration not greater than 45 minutes

Inspection Fees $1 or less preferred, no 33, 34, 35
greater than $3

Driving Distance to Not greater than 10 miles 38

Facility

Average Repair Costs $5 or less preferred, not 42, 43
greater than $10

Repair Time Allowed 15 days acceptable, 30 days 63, 64
preferred

Enforcement Penalties Lf necessary, would prefer 65, 66
monetary fines up to $10

*Appendix K, Results of Public Opinion Survey, Opinion Research of California

9-~9



SECTION 10
CONCLUSIONS

This section identifies and summarizes the conclusions derived from the various
tasks performed and described in the preceding sections.

10.1 TINSTRUMENTATION SURVEY
Results of the instrumentation survey indicated the following:

® Equipment and technology are presently available to perform vehicle emis-
sion inspection for each of the test regimes.

® A statewide network of inspection facilities will necessitate minor modi-
fications to these equipments.

. Additional effort will be required to integrate these various equipments
into a workable and efficient system.

® Development effort will be required in the following areas:
(1) Validation of O2 as a reliable measurement of exhaust dilution
(2) Prototype instruments for measurement and data recording systems.
10.2 FACILITY REQUIREMENTS

Results of the requirements analysis indicated that the following facilities would
be required to implement a statewide network:

e Certificate of Compliance would require 1366 lanes, each capable of
processing 30 vehicles per 8-hour day.

® Idle test would require 319 lanes, each capable of processing 127 vehicles
per 8-hour day.

® Key-Mode test would require 398 lanes, each capable of processing 100
vehicles per 8-hour day.

® Diagnostic test would require 784 lanes, each capable of processing 52
vehicles per 8-hour day.

10-1
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10.3 TINSPECTION PERSONNEL REQUIREMENTS
Results of the personnel requirements analysis indicated the following:

) Each Certificate of Compliance test lane would require at least one
technician. Training sessions would be approximately 116 hours per
technician.

® Each Idle test lane would require two technicians, each with a different
technical skill level. Total training required would be approximately 87
hours per technician.

® Each Key-Mode test lane would require two technicians, each with a different
technical rating. Training period would be approximately 142 hours total
per technician.

® Each Diagnostic test lane would require four technicians, comprised of two
diagnosticians, and omne each of lower technical ratings. Training require-
ments would amount to 174 hours per technician.
10.4 EFFECTIVENESS OF INSPECTION AND MAINTENANCE
Test regime effectiveness was measured in terms of emission reduction achieved as
related to hydrocarbons, carbon monoxide, and oxides of nitrogen. It was shown

that:

o All test regimes are effective in achieving emission reductions, but to
different extents.

® Fifty percent of total emission reduction achieved will be realized from
the South Coast Basin, Air Basin 1.

® Eighty percent of achievable effectiveness would be realized from the three
largest basins, 92 percent from the five largest basins.

® Key-Mode is the most effective in achieving emission reductions during the
first 5 to 7 years of program operation.

e Tdle test is the next most effective inspection procedure and is essen-
tially equal to Key-Mode after the first 5 to 7 years.

) Diagnostic test is relatively less effective than the previous two tests.

e Certificate of Compliance is relatively poor compared to the other three
in terms of overall emission reduction for the total vehicle population.

® Service beyond the initial repair and adjustment should not be a require-
ment for vehicles failing emission inspection.

10-2
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10.5 COST ANALYSIS
Results of the cost analysis for total program implementation revealed that:

® Least total cost would be a State managed program with State ownership
and operation of inspection facilities.

) Second least costly would be a State regulated network of privately
managed, owned, and operated new inspection facilities.

® Most costly would be a State managed program comprised of licensed,
existing, inspection facilities privately owned and operated.

® Approximately 90 percent of total program cost is incurred by the five
largest air basins.

¢ Emission inspection fees for each test regime would be as follows:

Certificate Idle Key~Mode Diagnostic

of Compliance Test Test Test
State Owned, Operated $2.31 80.96 $1.05 $3.07
Private Owned, Operated 2.9 1.22 1.33 3.90
State Managed, Licensed 9.00 6.00 6.00 12,00

® Additional service and repair average costs exceed first or single service
average cost. Average emission reduction achieved for additional service
does not justify cost.

® Vehicle owner's service and repair average costs would be as follows:

Test Regime All Service First Service
Certificate of Compliance $8.31 $7.88
(including inspection fee)

Idle $§37.02 $27.19
Key-Mode $28.24 $24.86
Diagnostic $47.48 $33.29

® Cost-effective relative ranking of test regimes in terms of vehicle owner's
repair cost per gram of emission reduction, listed in order of greatest
merit, are Key-Mode, Idle, Diagnostic, Certificate of Compliance.
10.6 PUBLIC OPINION SURVEY

Results of the survey indicated the following:

° Three- fourths of vehicle owners believe a mandatory vehicle emission
program is necessary.

10-3
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° Primary advantages of inspection program as viewed by vehicle owners would
be (1) reduction in air pollution, (2) force people to repair their cars,
(3) detection of defective vehicles.

* Disadvantages of program would be expenses and inconvenience.

e More than half of those interviewed believe the program should be conducted
by the State of California rather than private garages or service stations.

e Main reason for selecting the State to run the program was that people do
not trust private garages or service stations.

e Main reason given for those selecting private industry was for the con-
venience factor.

e More than three-fourths of vehicle owners believe inspections should be
required at least once a year.

) Majority of wvehicle owners interviewed would continue to favor the program
if the following conditions existed:

(1) Inspection took 30 minutes or less

(2) 1Inspection fee were $1.00 or less

(3) Driving distance to inspection facility were 10 miles or less
(4) Average repair costs were $10.00 or less.

] Acceptable length of time allowed to repair vehicle would be 15 days;
majority would prefer 30 days.

10.7 COST-EFFECTIVENESS ANALYSIS
Results of the cost-effectiveness analysis indicate the following:

® State managed, owned, and operated inspection facilities are the most
cost-effective, regardless of test regime implemented.

® State regulated, privately administered, owned, and operated newly con-
structed inspection facilities would rank second.

® State managed, privately owned and licensed, existing or modified facili-
ties would be least cost-effective.

e Key-Mode is the most cost-effective among the test regimes considered
during the first 5 to 7 years of total program life.

. Tdle test is the next most cost-effective test regime, and is essentially
as cost-effective as Key-Mode after the first 5 to 7 years of operation

through program duration.

° Diagnostic test is less cost-effective than Idle but is more cost-effective
than Certificate of Compliance.

10-4
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10.8 STATE VERSUS PRIVATE INDUSTRY PROGRAM PARTICIPATION

The merits of State and private participation in a statewide inspection program
were determined as follows:

° Cost analysis indicated that State management of inspection facilities,
owned and operated by the State, would be the least costly.

. Cost-effectiveness analysis indicated that State managed, owned, and
operated inspection facilities would be the most cost-efrective.

. Public opinion survey established that the majority would prefer that the
State manage and operate the inspection facilities.

° Least~cost program in terms of State finances would be privately owned
and operated inspection facilities regulated and monitored by a State
agency.

10.9 TEST REGIME COMPARISON MATRIX

Table 10-1 presents a summary analysis of the relative rankings of each of the four
regimes with respect to various evaluation criteria. No attempt is made to weight
one criterion over another, as such an effort would be purely subjective in nature.
The relative ranking of each regime is presented for each criterion. An overall
ranking of regimes is obtained by summing the individual criterion rankings. Key-
Mode achieved the lowest score and was therefore ranked the best.

10.10 GENERAL RESULTS OF THE TECHNICAL AND ECONOMIC FEASIBILITY ANALYSES

The general results of the technical economic and public acceptability analysis
were that:

° It is technically feasible to achieve vehicle emission reductions with
each of the four test regimes.

. The total program implementation costs favor State managed, owned, and
operated inspection facilities.

e The most cost-effective test regime is Key-Mode when considered over the
first 5 to 7 years of operation.

) The closest competitor to Key-Mode is Idle test which is essentially equal
to Key-Mode after the first 5 to 7 years and throughout the program

duration.

e The most cost-effective arrangement would be to implement Key-Mode inspec-
tion facilities managed, owned, and operated by the State of California.

° The expected inspection fee per vehicle owner under this arrangement would
be $1.05 annually.

® The expected repair cost for a failed vehicle would be $24.86.

° The typical annual fuel saving realized for a serviced vehicle would be
$8.70.

10-5



459

Table 10-1. RELATIVE TEST REGIME RANKING WITH RESPECT
TO EVALUATION CRITERIA

Relative Ranking
Criterion Certificate Key- | Diag-
of Compliance Idle | Mode | nostic
5 Year HC Reductiom 4 2 1 3
5 Year CO Reduction 4 2 1 3
5 Year NO Reduction¥® - - - -
Retest Requirement 4 2 1 3
Applicability to Future Standards 4 3 1 1
Ability to Detect High Emitters 4 3 2 1
Least Likely to Commit Errors of Commission 4 3 2 1
Least Likely to Commit Errors of Omission 4 3 2 1
Dollar Cost per Gram Reduction 4 2 1 3
Inspection Fee 3 1 2 4
Vehicle Owner's Repair Cost 1 3 2 4
Estimated Fuel Savings Due to Reduction 4 2 1 3
Total Program Cost 3 1 2 4
Shortest Distance to Inspection Statiomn 1 4 3 2
Time to Accomplish Inspection 4 1 2 3
Inspector Skill Level Requirement 3 1 1 4
Inspector Training Requirement 2 1 3 4
Test Equipment Availability 1 2 2 2
Totals 54 36 29 46
Overall Ranking 4 2 1 3
%Cars tested were 1970 and older and were not equipped with devices designed to
Lﬁreduce NO.

° The average driving distance for a vehicle owner would be 10 miles.

° Average inspection time is 4.8 minutes.

° Sixty-eight percent of those vehicles serviced will result in improved
performance according to the owner's opinion; 21 percent of the owners
will not no change or degradation in performance.

e [Estimated dates in achieving the 1940 total vehicle emission level as a

function of implementing periodic vehicle emission inspection are as follows:

Combined

HC, CO, NOy HC Only CO Only NOyx Only
Without Inspection 1987 1975 1991 1990
With Key Mode or Idle 1982 1972 1984 1991%*

#*Not achieved within time-frame considered.
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